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PROGRAM 


ANNUAL MEETING 
of the 


AMERICAN WELDING SOCIETY 
29 West 39th Street, New York, N. Y. 
April 21, 22 and 23, 1926 
All Sessions Start Promptly as Scheduled 


WEDNESDAY, APRIL 21, 1926 
Morning 
Gas Welding Committee, S. W. Miller, Chairman 
9:30 a. m. to 12, Reom 1101. 
A review of progress made by various sub-committees, includ- 
ing those on materials for welding, welds subjected to high tem- 
perature and training of operators. 


Afternoon 


Electric Arc Welding Committee, H. M. Hobart, Chairman 
2:00 p. m. to 5, Room 1101. 

Discussion of reports of Sub-Committee on Non-Ferrous Metals 
and Fundamentals of Arc Welding. A large number of additional 
tests have been made during the past year on specimens welded to 
determine the effect of such factors as current, size of electrodes, 
design of joints, positions of welding, etc. Consideration will also 
be given to the possibilities of a scientific investigation on the 
fundamentals of arc welding, including a review of welding under 
hydrogen atmosphere. 


THURSDAY, APRIL 22, 1926 
Morning 


Business Session of the American Welding Society 
9:15 a. m. to 11, Reom 1. 

1. President’s Report of Year’s Activities. 

2. Financial Report. 

3. Election of Officers. 


Note: Business has been condensed in order to allow greater time 
for the technical sessions which follow. 
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Thursday, April 22 (Continued) 
Technical Session 
11 a. m. to 12:30 p. m., Room 1. 
Design of Welded Equipment for Chemical Plants. Mr. H. D. 


Edwards, Works Manager, Carbide and Carbon Chemical Corpora- 
tion. 


12:30 to 2. 


Note: It is planned to arrange a luncheon for members of the 
Society at the Engineers Club. Reservations should be 
made in advance. 








Luncheon 


Afternoon 


Technical Session 

2:00 p. m. to 5 p. m. 

1. Design of Joints in Piping Installations. L. J. Sforzini. 

2. Design of Joints in Ship Construction. J. W. Owens, Di- 
rector of Welding, Newport News Shipbuilding and Dry 
Dock Co. 

3. Design of Welded Joints With Special Reference to Pressure 

' Vessels. S. W. Miller, Consulting Engineer, Union Carbide 
and Carbon Research Laboratories. 

4. The design of an Arc-Welded Pressure Vessel. L. H. Burk- 
hart, Chief Engineer Struthers-Wells Co. 

5. Design of Welded Joints for Tanks and Containers. A. C. 
Vick, Engineering Dept., Detroit Range, Boiler & Steel Bar- 
rel Co. 

Note: The technical papers are planned to form a symposium on 
the subject of design of welded joints in several industries 
covering: (a) Stresses—kinds and amounts; (b) Accessi- 
bility and position; (c) Technique; (d) Type of joints; (ec) 
Materials; (f) Thermal considerations; (g) Tightness; (h) 


Tests. Evening 


Dinner Dance 
6:30 p. m. 

It is planned to make the annual dinnér of the American Weld- 
ing Society, which in the past has been enjoyed by all the members, 
a function to which ladies will be invited. Although all the details 
have not been decided as yet, pending financial arrangements, 
plans include an annual banquet with very short addresses of in- 
coming and outgoing Presidents, a popular scientific talk on what 
science means in our every day life and an interesting demonstra- 
tion of the wonders of liquid oxygen. As an example of the latter, 
we will see among other things mercury frozen so hard that it can 
be used as a hammer to drive nails, a rubber ball frozen so stiff 
that it will crack like glass from the blow of a hammer, and an 
egg boiled hard and then changed back again. Professional en- 


tions should be made in advance by applying to the Secretary. 





' tertainment and a dance will follow these exhibitions. Reserva- 
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FRIDAY, APRIL 23, 1926 
Morning 


Meeting of the American Bureau cf Welding 
9:30 a. m. to 12, Room 903. 


The possibilities of pure scientific and practical research in 
welding will be fully demonstrated at the annual meeting of the 
American Bureau of Welding. Selected experts will give brief 
five minute discussions of suggested researches with an indication 
of how the problems might be solved and the possibilities of the re- 
sults to be obtained. The business will also include a review of 
progress by sub-committee chairmen, plans for new work and elec- 








tion of officers. 


All the executives of outstanding corporations 


interested in welding will be invited to this meeting. 


Afternoon 


2:00 p. m. to 5. 


Inspection trip to the Metal and Thermit Corporation. 
Members will be transported from Journal Square, Jersey City, 


by buses provided by the Metal and Thermit Corporation. 


At the 


plant will be shown the making of thermit, how it is used in va- 

rious kinds of welding operations, including welding heavy sec- 

tions of iron and steel and welding of rails and pipes. 

Note: Members may proceed via Hudson Tube to Journal Square. 
Buses will start proniptly from Journal Square at 2 p. m. 


Board of Directors, American Welding Society 
(including retiring and new members) 


2:00 p. m. to 5, Room 1101. 


(a) A review of progress during the year. 
(b) Introduction of new President. 
(c) Appointment of Committees. 


(d) Plans for coming year. 


WELDED RAIL JOINT ACTIVITIES 

Keen interest was displayed by 
members of the Executive Committee 
of the Committee on Welded Rail 
Joints at their recent meeting in 
Washington on February 12 in a 
proposed program to measure stresses 
in rail joints under various conditions. 
The program proposes to make use of 
an electrical recording strain gage 
device called the “Telemeter,” which 
has been perfected by the Bureau of 
Standards. Stresses will be measured 
in various parts of the joints caused 
by a trolley car dropping from differ- 
ent heights of a shim placed on a 
track. Stresses will also measured 
inder the same conditions with bolted 
and other types of welded joints other 
than the seam and some joints will 
nly have the top seams welded and 


others only the bottom seams. -An- 
other phase of this type of investiga- 
tion will involve the measurement of 
stresses of joints under the repeated 
impact testing machine with various 
methods of supports and different 
heights of drop of the weight. 

A series of tests were made to de- 
termine what welding wire shall be 
used in the remaining investigations 
planned by the Committee seeking to 
imiprove the seam welded type of 
joint. It was impossible to select 
welding wires as a result of these 
tests because other variables, notably 
the personal equation, masked the 


results. 


Preceding the meeting, a day was 
devoted to the examination of the 
joints broken by the repeated impact 
testing machine. Results of the re- 




















































peated impact tests will be published 
shortly in Progress Report No. 4 of 
the Welded Rail Joint Committee. 

It is planned to start very shortly 
with the welding of different types of 
joint plates in order to develop a top 


cross section of soundly fused weld 
metal. 


AMERICAN BUREAU OF 
WELDING 


The annual meeting of the Amer- 
ican Bureau of Welding will be held 
in conjunction with the annual meet- 
ing of the American Welding Society 
on Friday morning, April 23. In ad- 
dition to the customary reports of 
progress of research sub-committees 
and the election of officers, the major 
portion of the time will be given over 
to five minute addresses by several 
selected experts on some welding 
problems needing solution, suggested 
methods of investigation and the 
probable value of such scientific and 
practical research. Prominent execu- 
tives of the corporations interested in 
the art of welding will be invited as 
guests. It is hoped that in this way 
the Bureau will be enabled to under- 
take investigations amounting to 
many thousands of dollars. which will 
materially advance the welding 
industry. 


PRESSURE VESSELS 


Rapid strides are being made in the 
planning of a thorough, comprehen- 
sive, scientific investigation in the 
field of pressure vessels in collabora- 
tion with the A. S. M. E. and other 
interested scientific and technical or- 
ganizations. Scientific and practical 
tests will be made to secure funda- 


Chicago 


The February meeting of this Sec- 
tion was held on the 5th in the rooms 
of the Western Society of Engineers. 
Mr. George A. Ellinger of the Page 
Steel & Wire Co., Monessen, Pa., was 
to present a paper on “Metallurgy of 
Welds.” Unfortunately, Mr. Ellinger 
was unable to be present and his 
paper was read by the Secretary. A 
two-reel motion picture loaned by the 
Chicago Steel & Wire Co., “From 
Mine to Welding Rod,” was also 
shown. 


seam which will have the maximum ~ 
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mental information which will be of 
the greatest value to designers of 
pressure vessels and which will aid 
the A. S. M. E. Boiler Code and other 
legislative bodies in framing proper 
codes and regulations for the con- 
struction and use of such vessels. 
With the aid of National Research 
Council the best scientific talent 
available will be placed at the dis- 
posal of the Committee for studying 
the many intricate problems involved. 


ANNUAL MEETING 


The next annual meeting of the So- 
ciety will be held on April 21 to 23 
Many organizations realize the ad- 
vantage of having interested members 
on their forces attend the meetings 
of a professional society such as our 
own. 

The advantages of such attendance 
are many fold, and one of the most 
important which is often times lost 
sight of, is the opportunity of in- 
formal discussion of* technical men 
with two or three other workers in 
the same field. 

A broader viewpoint, greater en- 
thusiasm, development of personality 
that comes from such attendance, is 
of primary importance. 

Moreover, members gain important 
technical knowledge from the reading 
and discussion of papers, inspection 
trips and social functions. 

In a young industry such as our 
own these annual affairs are one of 
the greatest factors in boosting the 
industry and extending it in new 
fields. Research committee meetings 
serve to keep interested members in- 
formed of the latest developments in 
the art and the direction in which 
further progress will be made. 


SECTION ACTIVITIES 


Pittsburgh 

About 150 pege attended the Feb. 
12 meeting of this Section, when Mr. 
S. W. Miller presented his paper on 
“The Oxy-Acetylene Welding of Cop- 
per.” 
Los Anglees 

The February :neeting was held on 
the 11th. Mr. J. F. Lincoln presented 
a paper on “Use of the Arc Welder as 
a Manufacturing Tool. Mr. W. H. 
Stoody spoke on the methods of arc 
welding as applying to weld oil tools. 
Mr. Vernon Simmons spoke on methods 
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of welding aluminum. Other discus- 
sions centered around the application 
of welding in the structural field and 
the training of operators. 
Cleveland 

The February meeting of this Sec- 
tion was held as a joint meeting with 
the Society of Industrial Engineers. 
A liquid air demonstration was given 
by Mr. G. E. Harcke of the Air Re- 
duction Sales Co. Following this, Mr. 
Harcke presented a four-reel film en- 
titled “Oxygen, the Wonder Worker,” 
accompanied by a most interesting 
lecture. About one hundred persons 
were in attendance. 
Philadelphia 

On Feb. 15 Mr. W. A. Gibb of the 
Gibb Instrument Co. gave an excel- 
lent talk on “Seam and Roller Weld- 
ing.” Mr. H. M. Hobart, consulting 
engineer, General Electric Co., will 
present an address on “Automatic 
Are Welding and Its Benefits to the 
Welding Art” at the March meeting. 
San Francisco 

The February meeting of this Sec- 
tion was heid on the 19th, at which 
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Recent Developments in Arc. Weld- 
ing.” 


Northern New York 

This Section held its February 
meeting on the 24th. Mr. J. B. Green, 
president, Chicago Steel & Wire Co., 
presented a paper on “The Effect of 
Flux Coatings on the Mechanism of 
the Metallic Arc.” 
Portiand 

Plans are under way for the organ- 
ization of a Portland Section of the 
American Welding Society. Local 
members are keenly enthusiastic and 
there is every reason to believe that 
a local section will be started in the 
very near future. 
New York 

A very interesting meeting was held 
on March 8. Mr. S. W. Miller, con- 
sulting engineer of Union Carbide and 
Carbon Research Laboratories, gave 
a very interesting talk on “Oxy-Acet- 
ylene Welding of Copper.” Mr. N. T. 
Chute of the Lincoln Electric Co. pre- 
sented a paper on -“Fabrication and 
Erection by the Electric Arc Welding 
Method of a Crane Runway 245 feet 








Mr. J. F. Lincoln of the Lincoln Elec- 


long at the Coplay Cement Manu- 
tric Co. delivered a paper on “Some 


facturing Co., Coplay, Pa.” 


EMPLOYMENT SERVICE BULLETIN 
POSITIONS VACANT 


V-31. Salesmen and Estimator wanted. Required by one of the largest 
and best established job welding concerns in New York. Preferably a man 
who has experience or one who has a fair knowledge of welding, both gas and 
arc, and who is accustomed to doing business with large service stations and 
fleet owners. 

An interesting proposition will be made to the right man, which assures a 
good income on a salary and commission basis, to a live wire who can produce 
All details will be treated in confidence. 

V-32. Experienced welder or welding engineer wanted who has had broad 
experience in tank welding including bath boiler construction. In our Seam- 
less Division we have decided to develop welding of certain types and styles 
of containers, and we want experienced man to follow work through various 
stages including testing. 


Services Available 


A-41. Electric welder desires position. Have had 8 years’ experience, in- 
cluding repair, machine and boiler work on the Erie R. R. and high pressure 
vessel and tank work of Standard Oil Co. 

A-42, Electric welder desires position. Have had 10 years’ experience, in- 
cluding six with the Tide Water Oil Co., three years with Standard Oil and 
one and one-half years with M. W. Kellogg Co. 

_A-43. Oxy-acetylene welder desires position. Have had five years’ expe- 
rience and can weld any kind of work, including aluminum. 

A-44. Acetylene welder desires position. Have had seven years’ railroad 
shop welding experience and four years’ industrial welding. Desire position as 
Foreman or Supervisor. Have credentials as welder, also as instructor. 


A-45. Oxy-acetylene welder desires position. Have had experience and can 
furnish reference. 





The Metallurgy of an Electric-Are Weld 
in Mild Steel 


By A. G. BISSELL* 


Probably the most interesting side of electric arc welding is the 
metallurgical phase. The casual observer no doubt is more im- 
pressed by the electrical than the metallurgical phenomenon. This 
is due, of course, to the brilliant light of the arc, the connecting 
wires and the electrical equipment near at hand. Few if any have 
any conception of the complicated metallurgical changes that are 
vecurring in the immediate vicinity of the arc. 

First, for the benefit of those who are not familiar with the 
process of electric arc welding, let us consider its elementary prin- 
ciples. Let us consider the disposition of the metal of a mild steel, 
welding wire onto a steel plate, following through the process, 
step by step. 

The power used is either direct or alternating current, supplied 
by a special generator or transformer. In the case of direct cur- 
rent the positive side of the circuit is connected to the plate upon 
which the deposit is to be made. The negative side of the line is 
connected by means of a special holder to a steel wire. The steel 
wire is brought in contact with the steel plate, then parted from 
it a distance of about an eighth of an inch; an arc results that 
produces a temperature of between 2000 and 2500 deg. C. This 
intense heat localized at the point of impact of the arc stream im- 
mediately fuses a spot on the plate into which the molten metal 
from the end of the wire is projected. This molten metal from 
the wire unites with the molten metal of the plate to build up a 
deposite that solidifies as the arc proceeds. In this manner metal 
may be built upon a surface or it may be deposited between the 
edges of two plates in such a way that they are solidly and com- 
pletely united. 

Now let us see what happens to our euotals. Ou electrode wire 
is of hard-drawn mild steel | havi the following average chemical 
composition : 

Carbon, 0.16 per cent; manganese, 0.56 per cent; phosphorous, 
0.032 per cent; sulphur, 0.024 per cent; silicon, 0. 016 per cent. 
Tensile strength, 100,000 lbs. per sq. in.; elongation, 5 per cent 
in 2 in. 

The reason that this wire has such a high tensile strength is be- 
cause it is hard drawn, and we find that a hard-drawn wire gives 
the most satisfactory results. It is quite an advantage to use hard- 
drawn wire because it will pass through the are much better and 
penetrate better than an annealed wire. The reason for this, | 
do not know. It seems that, especially in welding overhead, the 
globule of metal that forms at the end of the wire will run down 




























+General Engineer, Westinghouse Electric & Manufacturing Co. 
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en the annealed wire, while on a hard-drawn wire it will stay in 
place and is easily put in an overhead weld. 
In passing through the arc, this metal in the molten and vapor- 








» i 
— 
OF 
58 : 
Si : 
ef es 
niet m~ £ 
3 : 
a § & 
. Q. 
tg ¢ = 
See : 
oe = 
(UG = § 
I of re © & 
a3 x 5 
| B é 
| oS s&s 
§ 3 
G ¢ 
Y 6 
v — 
meee: S 
et Se E 
4 
: ; 
9 . 
¥ 7 
Zz 
2 = . 
£. 
é 
a 
te 
em 


1300°C 


DEPOSITED METAL | 
LINE OF FUSION 











10 JOURNAL OF THE A. W, 8. [March 


ized states comes in contact with the elements of the air at the ex- 
ternal surface of the arc stream; the extent of this contact being 
determined by the length of the arc held by the operator. The 
shorter the arc, the less the metal is affected by the atmospheric 





Fig. 2 In Which Is Shown the Intimate Union Detween the 
\dded Metal and Plate 
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Fig. 3 Showing Structure of Arc-Weld Joint Where Meta! 
s Deposited in Strings of Beads 


elements.. At the temperature of the arc the main elements of 
the air, oxygen and nitrogen have a great affinity for the metals 
in the are stream. The result of this affinity is that the nitrogen 
‘and oxygen combine with the elements of the wire to form oxides 
and nitrides. The carbon of the wire combines with the oxygen 
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of the air to form carbon dioxide and carbon monoxide. Both of 
these compounds are gases and escape; that is, unless they are 
entrapped in the molten metal. The oxides of iron, manganese 
and silicon float to the surface of the molten metal as slag. The 
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Fig. 4 Illustrating the Resulting Structure Obtained by 
Furnace Annealing 





: Fig. 5 Section of Weld Made by Use of Excessive Current 


phosphorus and sulfur are altered but little. The nitrogen com- 
; ‘ines mainly with the iron. To be sure, some of each of the oxides 
and nitrides are scattered throughout the metal, but the extent of 
this is determined by the amount that is permitted to enter by 
he operator. An analysis of the above metal after passing through 
the are is given as: carbon, 0.05 per cent; manganese, 0.18 per 
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cent; phosphorus, 0.031 per cent; sulfur, 0.036 per cent; silicon, 
0.011 per cent; nitrogen, 0.11 to 0.13 per cent; oxygen, 0.25 to 0.55 
per cent; tensile strength, 55,000 to 62,000 Ib. per sq. in. To pre- 
vent the introduction of impurities into the metal that is being de- 
posited, is to make a good weld. By holding a very close arc, that 


Fig. 7. Structure of Brittle Metal Produced by Heating to 
760° C. and Then Cooling 


is, between one-eighth and three-sixteenths of an inch, the arc 
stream is completely surrounded by an envelope, mainly of iron- 
oxide vapor that prevents the active oxygen and nitrogen on the 
outside from coming in contact with the active elements on the 
inside and permits a fairly pure metal to be deposited on the work. 

Now that we have passed the metal through the are into the 
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- molten spot on the plate and again solidified it, let us see what we 


have. By melting the steel wire and again solidifying it, we have 
produced cast steel and at the same time altered the crystalline 
structuie of the plate metal in the immediate vicinity of the deposit. 

The first photomicrograph (Fig. 1) shows a section of the metals 
extending from the added metal through the line of fusion into 
the plate in a one.layer continuous weld. The actual section shown 
is 0.026 in. x 0.165 in. on the specimen. To those who are familiar 
with the microstructure of steel, it is evident that the light metal 
at the left is of a cast structure. This is the deposited metal and 
-onsists of iron of the analysis given above. This structure blends 
into a different structure a little to the right. This is the line of 





Fig. 8 Structure of Deposited Metal Obtained by Using Too 
High a Current 


iusion between the plate metal and the deposited metal. This 
coarse structure is typical of a steel (0.20 per cent carbon) that 
has been heated to a tempe’ ature over 1000 d-¢. C. Where the two 
structures blend, fusion occurred at about 1309 to 1400 deg. C. The 
heat conducted through the plate away from the line of fusion pro- 
duces structures corresponding to the temperatures reached. The 
dark, coarse structure juct to the right of the line of fusion is char- 
acteristic of an overheated steel. It is brittle. This material ex- 
tends about 0.015 in. into the plate. As we proceed further into 
the plate the grains grow smaller until the minimum size is reached 
at the point where true annealirg occurred. Here the temperature 
reached about 780 deg. C., or just above the critical point of the 
steel. The material at this point has a tensile strength of about 
0,000 Ib. per sq. in. and an elongation of about 25 to 30 per cent in 
' in. Further on the structure again coarsens, blending into the 
riginal structure of the plate. This picture is interesting for 
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the fact that it shows all the structures obtainable by heat treating 
a mild steel between its critical point and its melting point. 

The intimate union between the added metal and the plate is 
clearly shown in Fig. 2. It can be seen that the crystals of each 
metal are perfectly immeshed. The added metal may be identified 
by the inclusions of oxide and nitride that appear as black specks 
in it. The added metal in this particular specimen developed a 
tensile strength of 57,100 lb. per sq.-in. and an elongation of 8.5 
per cent in 1 in. The test piece was bent at the weld to 39 deg. 
before fracture occurred. ‘ 

It is not necessary, however, to allow this varied structure to 
remain in your work. An are weld need not be a casting, nor is 





Fig. 9. Are-Deposited Metal That Is Clean and Free fron 
Impurities 


it necessary to anneal the work to prevent it, as some appear to 
believe. On metal 34-in. thick or heavier, an arc-weld joint may be« 
made that will have a structure similar to that shown in Fig. 3. 
On lighter plate the cast structure is unavoidable. Where your 
plate material is heavy enough, the work. may be deposited in 
layers composed of strings of beads applied directly to the face of 
the scarf. When one layer of the weld metal is completely de 
posited, if it is peened with an air-hammer and roughing tool, 
the cooling strains may be removed by the metal being stretched. 
If a second layer of metal is now applied over the first, the heat 
of this second layer will have a tendency to anneal the first layer 
giving us the structure that is shown in the accompanying photo 
micrograph. We can also obtain a uniform structure in our ar 
weld by furnace annealing.- Fig. 4 shows the structure of the 
weld shown in Fig. 1 after it has been heated to approximatel) 
780 deg. C. and then furnace cooled. It will be seen that the 
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coarse structure shown in Fig. 1 adjacent to the line of fusion has 
been entirely removed. So much for good welding. 

You may ask why there has been so much adverse criticism 
of are welding. The answer is that there has been considerable 
poor arc welding. done, mainly because the operators were not 
thoroughly acquainted with their process. It is comparatively 
easy to hold an arc and melt a piece of welding wire, but to main- 
tain the correct welding conditions is quite another thing. If your 
current is too low or you have your polarity reversed you also 
get a deposit of metal, but when subjected to a strain you will 
find that the weld metal has united with the plate about as much 
as molasses candy does with a marble slab, the lack of fusion 





being due to insufficient heat. If too high a current is used the 
added metal and the adjacent plate metal will be burned. Much 
oxide will be introduced into the weld and a weak joint will re- 
sult. Fig. 5 shows a section of a weld made using excessive cur- 
rent. You can see the large areas of oxide along the scarf line 
and the large black areas are voids formed by the entrapped CO 
that was formed by the decarbonization of the plate metal along 
the scarf line. ' 

Fig. 6 shows an oxide inclusion, a result of poor operation. 

A great many arc welds are very hard and brittle. This is due 
in most cases to the presence of excessive nitrogen in the weld. 
[f a piece of very soft iron be heated in an atmosphere of nitrogen 
at 760 deg. C. and cooled in it, the metal will become so brittle that 
a 5/32-in. wire so treated may be snapped like a piece of wood. 
Upon examination under the microscope, we find the structure as 
hown in Fig. 7. The short lines are iron nitride and may be found 
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in poor arc-weld metal. The greater the number of lines, the more 
brittle the weld. 

The deposited metal obtained when using an excessive current is 
usually of a very poor structure. Fig. 8 shows the deposited metal 
obtained using too high a current. This metal was deposited from 
a 5/32-in. wire, using over 200 amperes, and it will be seen that 
there is considerable foreign material present. The grain 
boundaries are filled with oxide, and if a careful examination is 
made, the characteristic needle-like structure shown in the nitrogen- 
saturated metal can be seen. The metal is very brittle and in many 
cases will crack along the oxide-laden grain boundaries during 
cooling. Compare this metal with metal depesited at the proper 
current. Fig. 9 shows arc-deposited metal that is clean and free 
from impurities. This metal was deposited from a 5/32-in. wire, 
using 130 to 150 amperes. It will be noticed that the structure 
ef this metal is more or less annealed, which makes it soft and 
capable of being chipped, drilled or machined. Fig. 10 shows a 
section of this same piece of metal magnified ten times greater. 
This shows what a clean deposit of metal may be obtained. 

In‘spite of the ease with which a poor weld can be made, good 
electric-arc welds can be and are made where the operators have 
been properly trained and supervised, have good equipment and 
the proper welding materials. 


Metallurgy of Welds* 


By GEORGE A. ELLINGER* 


The art of welding has advanced far in the past few years. It 
is unnecessary for me to enumerate the points of advance, nor 
dwell long upon their importance, for this is fully known to you, 
as men of the welding profession. 

While much has been done in the development of the art of weld- 
ing in the past ten years, yet another ten years will show as com- 
plete an advance as that of the past. This art is coming to the 
front more every day, as an inexpensive and quick medium for 
the securing of results, a short time ago considered infeasible. 

It has been but very recently that the metallurgy of welds has 
been religiously studied, and we may say that welding metallurgy 
is yet in its infancy with much to be learned by careful and whole 
hearted investigation upon the part of men skilled in the applica- 
tion of metallurgical principles. 

Welding itself is entirely a metallurgical process. The molten 
steel in a weld has been said to be similar to the molten steel in our 
open-hearth or electric furnaces, and the weld itself has been com- 
pared to a casting. 

These statements, while true in a sense should not be misleading 





*Presented before Chicago Section A. W. 8., Feb., 1926 
+Page Steel & Wire Co. 
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to the welder, for there is a vast difference between the molten steel 
in a weld, and the steel in the open-hearth. While possibly alike 
in character, the methods of treatment and handling are far dif- 
ferent. 

Steel in the molten state consists of one intimate chemical and 
mechanical mixture of iron, carbon, manganese, phosphorus, sul- 
phur, silicon and various alloying elements. 

In the steel which we shall consider tonight, that is under 0.90 
carbon, the carbon is found entirely as a carbide of iron and of 
manganese. Possibly some small amount may be found as carbon 
dioxide, a gaseous substance, included in the steel itself. It is upon 
the carbon that the steel depends for hardening qualities. 

Phosphorus is present as the phosphide iron, and is usually well 
scattered throughout the steel. Steels high in phosphorus have a 
characteristic brittleness well known to all steel men. 

Sulphur in steel is usually found as the sulphide of manganese, 
which constituent of steel will cause little or no harm if present 
in small quantities and well scattered through the mass of steel. 

These then are the most important elements found in steel and 
which are necessary in the discussion of the metallurgy of welds. 

When steel cools from the molten state, it crystallizes somewhat 
similar to water when forming ice. These crystals are numerous, 
and they soon prevent each other from assuming any definite form. 
They form from a nucleus and grow, this growth continuing until 
retarded by another crystal. Because of the indefinite form of 
these crystals, they have been called “grains” by metallurgists, and 
as such we shall consider them this evening. 

Steel consists of thousands of these grains, intimately locked to- 
gether on all sides, by other similar grains. 

This prelimimary explanation is necessary, in order that all may 
have at least an idea of what a grain might be, for it is principally 
upon these grains that we wish to continue. 

Steel to have its best properties must consist of a large number 
of very small grains, for it has been well proved that the smaller 
the grain, the more ductile and workable the steel. Large grains 
promote brittleness and have little ductility. In general a small 
grain may be effected by a quick cooling from a light temperature, 
and a large grain by a prolonged cooling. 

The ideal structure for any metal, but for our particular prob- 
lem, that of a weld, is a small grain, carrying with it a good tensile 
strength, a good ductility, elasticity and a strong bond between 
grains, for a weld may be said to be no stronger than its weakest 
grain bond, for it is there that fracture starts. 

The general grain of a weld is not extremely large, although 
large grains have been found in certain welds. Thus there is one 
point of advantage to start. 

In the making of a weld, the steel of the stock metal is somewhat 
heated, and assumes a larger grain structure than the weld usually 
does. At times the steel is badly overheated and even burned. The 
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grain of the weld proper may be smaller than that of the stock 
metal, and, as very often happens, the stock metal may break very 
close to the weld, while the weld yet remains in excellent condition. 
This is the reason why so many welders put forth their claim that 
the weld is always stronger than the stock. 

In some cases the steel of the stock is burned, that is, oxidized 
by the action of the heat and the surrounding air. Burned steel 
consists essentially of a border of iron oxide extending around the 
grain boundaries, preventing a complete cohesion of the grains. 
Burned steel is always brittle because it takes but little strain to 
pull these grains apart. A somewhat similar brittleness is noted 
in red short steel, a steel of high sulphur content, wherein the sul- 
phur unites with some of the iron forming iron sulphide. This 
when going to the boundaries of the grains creates a somewhat 
similar condition to that of burned steel in effect. 

A good welder will not burn steel, nor will he excessively heat the 
surrounding stock metal, to such an extent that it becomes badly 
overheated. It is this overheating that causes more trouble with 
welds than any other. The ideal condition would be to preheat 
the stock metal to a temperature of approximately 850 deg. F., 
and then make the weld. This will give a gradually decreasing 
grain size, away from the weld rather than an abrupt change, very 
close to the weld. 

A good welding job may always be made even better by a heat 
treatment. This, in effect refines the grain, making 2a more ductile 
weld. With low carbon rods and stock, the temperature of necessity 
is higher. In some welds which have been made, using a low carbon 
rod, where the stock metal was under 0.20 carbon, the best anneal- 
ing temperature was approximately 1700-1750 deg. F., and held at 
that temperature for a few minutes followed by a fairly slow cool- 
ing. In some cases this refines the grain of the weld in excellent 
shape, but leaves the stock metal in a rather unrefined state. This 
may be corrected by giving it second annealing, at a somewhat 
lower temperature, approximately 1400-1500 deg. F. This gives a 
well refined grain in both weld and stock. The higher temperature 
is necessary in refining the weld grain, which you know, has solidi- 
fied entirely from the molten state, with no heat treatment or work 
of any kind being performed upon it. 

This, then covers the weld proper, and we will consider the most 
important constituent of the weld, the rod, the material with which 
the weld is made. 

It has not been such a long time ago that it was considered proper 
to use any kind of wire for welding purpose. As long as the carbon 
was approximately right, the wire was considered as being suitable 
for welding. However, in recent years, the specially processed 
welding rod has been brought to the front, and today should be 
used by all welders and recommended by all welding men. 

First of all the welding rod must, of necessity be made of good 
clean steel, for impurities in steel, such as dirt and other foreign 
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inclusions may cause no end of trouble. Dirty .steel will cause the 
weld to boil and throw off sparks during the welding operation. 

The steel should comply to the specifications as adopted by the 
American Welding Society. It must be made under chemical con- 
trol and meet chemical requirements. Sulphur particularly must 
be kept low, for as was said before, high sulphur causes a brittle 
steel and that is one thing which welders wish to avoid. 

A welding rod, not only must meet chemical requirements, but 
each rod must be specially processed to secure a good grain struc- 
ture, and this processing is different from that of other grades of 
wire on the market. The wire is preferably cold drawn, as this 
will eliminate any inclusions of iron oxide, and scale, which might 
possibly have been picked up, had the rod been hot drawn, or rolled. 
We have already seen what iron oxide will do, if included in the 
weld. ; 

Manufacturing companies today realize the value of a processed 
rod, and are endeavoring,-by research, to find the best rod, that 
may be found for any certain purpose. Quality of steel, wire draw- 
ing methods and the heat treatment of steel are all under study 
and observance. All this is attended by close chemical and physical 
control during the entire process, so that each welding rod may 
have exactly the same properties and act the same in welding, as 
does its neighbor. This is all to aid the practical welding man in 
the securing of good permanent welds, and to aid the art of weld- 
ing to advance to the place in metallurgical fields where it right- 
fully belongs... Welding is a great aid to mankind, without it we 
would be at loss to replace broken parts or to rebuild and renew 
the worn ones. As men who are interested in the advancement of 
welding, I wish to congratulate you in your successes of the past, 
and wish you success. in the development of that great and neces- 
sary profession—welding. 





Reclaiming Locomotive Main Rods 
By JOSEPH MURPHY? 


A steel back end main rod strap is difficult to hold securely, 
owing to the heavy stresses set up in the reciprocating parts of a 
locomotive. In time, owing to repeated-reaming at each shopping, 
the holes become so large that both the rod and strap are weakened 
to such an extent that they cannot be continued in service. About 
three years ago we conceived the idea of filling these holes with 
thermit steel and reclaiming the rod by a process which has proved 
satisfactory and profitable. 


Preparing the Rod 


The stub end of the rod is thoroughly cleaned and three wooden 
plugs are driven into the holes at the.small end of the taper. The 
plugs: are waxed, as shown in one of the illustrations. The rod 


tGeneral foreman, Boston & Albany Railroad, West Springfield, Mass. 
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is then placed so that the plugs are on the bottom. A 
box 14 in. long, 10 in. wide and 14 in. deep, constructed 
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steel is set on the end of the stub so that there is a clearance of 
about 2 in. between the rod and the bottom of the box to allow for 
the ramming of the sand under the rod. This box serves to hold 
the mold which is built around the rod. The sand is rammed 
at the bottom and sides to the top of the rod. A wooden block is 
then placed over the holes, the base of this plug being sufficiently 
wide to project about 4 in. beyond each side of the holes. The 
sand is then rammed around this block, and the edge of the mold 
dented to prevent the metal and slag from flowing over the box. 
The plug is then removed, thus forming a riser for the metal. The 
end of the rod with the box and mold is then inserted into an oil 
furnace and allowed to heat for about two hours to bring the 
temperature to about 1550 deg. F. 








Fig. 3. The stub end of the rod thoroughly cleaned preparatory to the Thermit weld 


While the rod is heating the welder prepares his crucible. About 
40 lb. of railroad thermit is charged into the crucible, the ignition 
powder placed on top and the cover applied, after which the 
crucible is suspended from a jib crane to allow for adjustments. 
The rod is then removed from the furnace, levelled and all particles 
of sand and scale blown out of the holes. The crucible is then 
adjusted so that the tap is directly over the riser and high enough 
so that it can be swung over, if necessary after tapping the mold. 
The reaction is started and 25 to 30 seconds later the crucible is 
tapped. The plugs which have been burned during the preheating 
rise to the top, allowing the thermit metal to fill the impression 
made by them at the bottom of the mold. The weld is then allowed 
to cool for about 14 hr. after which it is stripped as shown in on? 
of the illustrations. The rod is then machined in the usual manner. 

The total cost of the operation, including labor, cust of material 
and subsequent machining, is $24.50 a rod. The cost of a new rod 
iS approximately $136, showing a saving of about $111.50 a rod. 


The Effect of the High Temperatures on the Original Steel 


When we first started to use this process it was suggested that 
the high temperature of the thermit steel might have a deteriorat- 
ing effect on the structure of the original steel with the possible 
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result of a rod failure on the road. As a result of the suggestion 
we made a test which proved to our satisfaction that such a condi- 
tion did not occur. 

A rod was prepared in the ordinary way; that is, the mold was 
built around the butt end and this portion of the rod, together with 
the mold, was preheated in the furnace to about 1500 deg. F. The 

-thermit was then poured and the mold allowed to cool for 14 hours 
before stripping. This permitted the welded end to coo] slowly and 
refine the grain. 

After stripping the mold, the entire rod was annealed after 
which 1-in. holes were drilled through the poured thermit. The 
butt end was then cut in two, splitting it longitudinally. The piece 





Fig. 4. The rod looks like a new one after machining 


was also fractured at the point where the weld was made. It was 
found that the weld was perfect and homogeneous. A specimen 
as cut off the portion of the rod containing the original steel, frac- 
tured, and the grain at the fracture compared with the fracture 
across the weld. It was found that the grain had not become 
coarser on account of the extereme thermit heat and was practi- 
cally like the original stock. Several scleroscope hardness tests 
were made. The welded specimen tested 29 hard while the origina! 
stock tested 31 hard. 

Providing that the mold after pouring is allowed to cool slowly 
before stripping, the steel has a tendency to refine its grain and 
will have practically the same structure as the original stock of the 
rod. The lower scleroscope reading on the welded metal is un- 
doubtedly due to the fact that the material in this section of the 
rod had been annealed twice and was a trifle softer. 






























Oxy-Acetylene Welding of Copper* 
| By S. W. MILLER} 


Next to iron, copper is the most important industrial metal, and 
its use, both in the pure state and in such alloys as brass and bronze, 
is very great. 

The process of refining copper during its manufacture is of in- 
terest as explaining the difficulties in welding it, which have been 
referred to in welding literature since the early days of the process. 








Fig. 1. Average view of the distribution of copper oxide in 
commercial copper plate. These inclusions are gray blue in 
color. Unetched. 100X. 


After the preliminary processes that remove the gold, silver and 
other valuable elements, as well as the undesirable ones, the copper 
is further prepared for casting into pigs. As it has a strong affinitv 
for oxygen when molten, it becomes saturated with it during the 
melting, and if cast in this saturated ccndition, the pigs will be 
brittle, the center of their top faces will be lower than their edges, 
and the pigs will have a bad appearance. 

This is overcome by stirring the melted bath with poles made of 
green wood, the process being called poling. If poled too long, the 
pigs will rise in the center, and will be porous. When the poling 
is carried to just the right point, the pigs wiil have a flat surface 


ae still be free from porosity. Such copper is called “tough 
pitch.” 





_ *Presented at Pittsburgh Section, February, 1926, and New York Section, A. W. S., 
March, 1926. 


tConsulting engineer, Union Carbide and Carbon Research Laboratories. 
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This material, the usual commercial product, still contains a con- 
siderable amount of cuprous oxide, Cu,O, and due to its presence, 
has a peculiar property when hot, in that for some distance below 
its melting point it is brittle and cannot be hammered or rolled, the 
maximum working temperature being a dull red. This brittleness 





“ Fig. 2. Average view of the structure of commercial copper 
siabe showing the distribution of the copper oxide. 100X. 


is a maximum just below its melting point, at which temperature 
it has practically no strength, so that just after the welding opera- 
tion is completed, if there is any stress at all in or near the weld, 
cracks appear in either the weld or base metal, and as they cannot 
be welded, the operation is a failure. 

The same general statements are true when either ordinary 
brazing or bronze welding of copper is resorted to, though the dam- 
age is not so great in these cases. It is very easy to overheat copper 
in either way, and reduce the resistance of the joint to a point that 
is dangerous Where high strength is needed. 

Much effort has been wasted in trying to correct this trouble by 
the use of special welding rods containing various deoxidizers. 
But it has very seldom been recognized that even if the weld metal 
is clean and strong, the damage is still present just next to the weld 
in the base metal. 

About four years ago the author made a series of tests of copper 
welding rods containing such deoxidizers as silicon, manganese, 
aluminum, phosphorus, and various combinations of them. Some 
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Fig. 3. A general view of the distribution of the copper oxide 
in the base meta] just ge eh the weld metal. it has assumed 


the apparent outline of the grains. Unetched. 100X. 





Fig. 4. View within the area in Fig. 3 at higher magnification 
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of them seemed to work well under the torch and to give sound 
welds, but rather strangely, when the rupture of a test piece, either 
by bending or in tension, occurred outside of the weld, it was just 
next to the V, parallel to its side, and in the case of tensile tests, 
at practically the same load per sq. in. of base metal, regardless of 
the composition of the welding rod. 

‘This showed that the base metal must be defective at the point 
of rupture, and that the rods had nothing to do with the difficulty. 

Of course, it has been common knowledge for years that com- 





Fig. 5. Another view of the oxide qt the grain boundaries just 

beneath the weld. It will be noted that the erain in the south- 

east corner appears to be outlined completely by this oxide. 
480X. 


mercial copper is injured when heated by a reducing flame, but it 
does not seem to have been realized up to the time of these tests, 
that the trouble with copper welding was due to this cause, the 
reducing flame of the welding blowpipe being responsible. 

The action is really two-fold, as was brought out clearly by a 
microscopic examination. : 

1st—The thin melted zone just next to the V recrystallizes when 
cooling, and any oxide present collects at the grain boundaries, 
weakening them and therefore the metal. 

2nd—Such of this oxide as is exposed to the action of the en- 
velope flame is reduced to copper, which, occupying less space than 
the oxide, leaves spaces along the grain boundaries, weakening the 
metal still more. 
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OXY-ACETYLENE WELDING OF COPPER 


Fig. 6. The specimen from which Fig. 5 was obtained was bent 

slightly. The result was that the grain outlined by the oxide 

dropped out. This is definite evidence of the lack of strength 
of the oxide films in the copper. 


Fig. 7. Commercial copper welded with a bronze welding rod. 

This specimen was bent while under the microscope. The first 

ruptures are at the grain boundaries of the copper just under 
the weld. 430X. 
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This reducing action is very rapid, as can be seen by playing the 
envelope flame across a surface of scaled copper. As soon as the 
scale has become red hot the surface becomes of the usual copper 
red color, only a few seconds being needed for the change to occur. 

Sections of welds.bent slightly and examined under the micro- 
scope showed that the path of rupture always followed the visible 
defects at the grain boundaries. 

As the primary cause of the trouble was evidently the cuprous 
oxide in the metal, some deoxidized copper was made by casting 





Fig. 8. Commercial copper bronze welded. This shows that in 

bronze welding, the temperature at the surface of the copper 

is sufficient to cause the copper oxide to be rejected to the grain 
, boundaries as in welded copper. 430X. 


ingots 2 in. square and forging them to the desired size. 

Silicon was found to be by far the best deoxidizer, and only a smal! 
residual amount of it was found necessary, say from 0.05 per cent 
to 0.10 per cent. There was no difficulty at all in forging it at a 
sweating heat, that is when it was almost melted, and at no tem- 
perature below this was there any cracking. 

Welds were made in this material with the different rods, and 
much improvement was found. But the best results were not ob- 
tained till a welding rod of a composition similar to the base metal 
was used. Table I shows some of the results obtained under tensile 
test, and makes clear the superiority of the combination. 

As properly deoxidized copper can be forged easily at any tem- 
perature, there can be no danger of welding strains cracking it, 

















Fig. 9. This shows the location of the final fracture in welded 
commercial copper tested in tension. The failure was within 
1/100 inch of the weld line. 100X. 














Fig. 10. A general view of copper weld metal made with a 
welding rod containing about 1.0 per cent silicon. The metal 
is clean and sound. 100X 
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Welds in Commercial Copper 


Tensile Stren ee in 2 In., 
- Deoxidizer Lb. per Sq. a er Cent 


14,800 6.25 
16,450 . 
15,100 7.0 


8.7 


30.0 
“ 27.5 
} 19,600 13.7 
‘Average of a Number of Welds in Each Type of Plate 
of Ultimate Strength 
Commercial plate 15,520 8.1 
Deoxidized none 26,280 23.0 


Original ‘ 82,000 ice 
None of * ged was hammered or heat treated. Such treatments would 
improve the physical properties. 


Fig. 11. An average view of co plate deoxidized with sf!tcon. 

There are no copper oxide inclusions. Due to the cleaner 

metal the grdins are larger than in the commercial plate. 100X. 
and as it is just as malleable as commercial material, there is no 
trouble in cold working it. : 

There is also no difficulty in obtaining it, as any manufacturer 

will make it if asked to do so. 
It is probably true that the complete realization of the possibili- 
ties of copper welding will cause an increased demand for welded 
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copper products, which will be of great advantage to industry in 
many lines. 

It should be understood that the presence of oxide can be posi- 
tively determined by the microscope, or practically by heating a 
piece of the metal to a bright red and bending or forging it. If it 
cracks, oxide is indicated, and even if by chance something else 
causes the cracking, it is not fit for welding and should not be used. 

The photomicrographs show the structures referred to. 


Welding and Cutting Die Parts 
By J. W. MEADOWCROFT* 


In a die department, the method of cutting strippers by oxy- 
acetylene is used extensively and as each stripper is: somewhat dif- 
ferent in design you can fully realize how expensive this operation 
would be if we were to cut same’with a hack-saw or cold-saw as 
was done in the past. Seeing the oxy-acetylene operator cut this 
material reminds one of a tailor cutting cloth. The stripper mate- 
rial need only be marked with chalk from a paper template and any 
size or shape stripper can be cut accurately and economically with 
a cutting torch. No machine or die shop could successfully compete 
today without the use of this invaluable tool. Many pieces could 
not have been cut out by hand or machine in past years, as they 
are today. It was then necessary to have the pieces so designed and 
constructed that they could be pieced together. These strippers 
probably answered the same purposes as those made under more 
modern methods, but the cost was many times greater. 

This procedure is also used for cutting die parts on some classes 
of dies where it is not necessary to use a high carbon steel, but the 
oxy-acetylene welding of dies and die parts is used very successfully 
regardless of size or weights. In the future, many dies and large 
parts of machinery which are broken ‘will be repaired without re- 
moving same from their location. This will represent a large sav- 
ing, as it is often necessary to have several men spend two or three 
days removing parts of large machines to procure the part which 
is broken and then consume the same amount of time in reassem- 
bling the parts of machine after the broken part has been repaired. 
It also means that the production of materials from the machinery 
will increase many times through the use of this method. It will 
enable a reduction in the force of maintenance men, thus reducing 
the overhead. Another important item to which this method will 
be applied is the building up of parts which have worn away from 
continuous use and the repairs of dies, jigs, and fixtures. 

To handle this work the arc welding method will be employed 
and, although today it is being used to a small extent along these 
lines, it will be developed continually by the users of welding equip 
ment and applied in accordance with these conditions. Like any 
other art, it takes a certain amount of development work, and we 
are now going through this development period. 


*Superintendent, E. G. Budd Mfg. Co. 














Atomic Hydrogen Arc Welding 
By R. A. WEINMAN? and IRVING LANGMUIR*+ 


It has been shown that a stream of hydrogen directed into an 
are between tungsten electrodes can be made to produce a flame 
of atomic hydrogen which is of even higher temperature than the 
oxy-acetylene flame. To utilize this flame for the welding of metals 
it becomes important to have easy and complete contro! of the 
flame. The welding torches and auxiliary apparatus that have 
been developed for this purpose will be described in the following 
pages. 


The Welding Torch 


Many different forms of welding torches have been constructed 
and tested. The electrodes between which the arc passes are 
mounted at a convenient angle to one another and are adjustable 
so that they can be brought into contact at a point which is ex- 
posed to a blast of hydrogen from one or more orifices. Thus the 
atomic hydrogen is blown out of the arc in a definite direction 
and forms a flame which can be brought into contact with the 
metal to be welded. The jet of hydrogen also serves to bathe all 
the heated parts of the electrodes and the work, thus preventing 
oxidation and the introduction of impurities such as nitrogen into 
the weld. 

Fig. 1 illustrates two of the torches which have been extensively 
used. The electrodes, consisting of tungsten rods % in. in 
diameter, are held in position at an acute angle with each other 
by lava insulators. 

In the torch shown at the right in Fig. 1 the electrodes are kept 
in contact by the spring when not in use but may be separated 
as much as about 3% in. by applying pressure to the lever which is 
mounted on the handle. Slow adjustments of the electrodes are 
made by the set-screw attached to the lever. 

The hydrogen is supplied by a tube which passes through the 
handle and then by flexible tubes is delivered to each of the elec- 
trode holders and escapes through the annular spaces between the 
electrodes and the lava insulators. Sufficient hydrogen is used not 
only to surround each of the electrodes to their tips but to form 
a blast which blows the atomic hydrogen against the work and 
bathes it in hydrogen. 

In the torch shown at the left in Fig. 1 a jet of hydrogen is 
directed into the arc from the end of the tube which projects from 
the hemisphere while a stream of lower velocity hydrogen escapes 
from the small openings in the hemisphere and thus surrounds the 
electrodes and the work with a bathing gas. 

Some torches, for use with 3-phase currents, have had three 





Reprinted from March, 1926 issue, G. E. Review. 
tResearch Laboratory, General Electric Company. 


32 - 


24 TAITIDATAT MLO’ Tmo a reo oS Saw 











Ph iTS iv 


ce a ee ee 


ss 











1926 | ATOMIC HYDROGEN ARC WELDING 33 


movable electrodes arranged symmetrically like the three edges of 
a triangular pyramid. Although the 3-phase arc is found to possess 
certain advantages, particularly in regard to stability, the added 


complication of the third electrode usually more than offsets these 
advantages. 


Electrical Apparatus 


Both the striking voltage and the arc voltage are higher for an 
arc in hydrogen than for the ordinary welding arc since there is 
no appreciable amount of metallic vapor generated in the arc. The 





Fig. 1 Two Types of Atomic Hydrogen Arc Welding Torch 


present day standard arc welding equipment is therefore not suit- 
able as a power source for operating the atomic hydrogen torch. 

If direct current is used the arc may be stabilized by a series 
resistance, or a specially designed generator of the constant-current 
type may be used. With series resistance a line voltage of 250 
has been found to give good results. 

Alternating current is more convenient and, since the arc can 
then be stabilized by reactance instead of resistance, greater 
efficiency is usually obtained. A line voltage of 350 to 400 gives 
satisfactory operation. Voltages as high as this are needed solely 
to give stability and to enable the arc to be started at any time 
by separating the electrodes even when these are cold. 

A number of tests have been made to determine the voltages 
required to strike an arc by means of the lever mechanism of 
the torch. With cold electrodes an open circuit a-c. voltage of 
320 was needed for striking the arc. After the arc had been 
started and the electrode tips had reached the operating tempera- 
ture a line voltage of only 150 was sufficient to restart the arc as 
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long as the electrodes remained nearly at the operating tempera- 
ture. These lower line voltages may also be emploved to start and 
maintain the arc if the electrodes are first raised to high tempera- 
ture by a high current while separating them very slightly so as 
to have a high contact resistance or by bringing a thin tungsten 
rod between the separated tips of the electrodes. 

It is more convenient, however, to use open circuit voltages of 
approximately 400 rather than-to employ these special means of 
starting the arcs. In normal operation the drop across the arc 
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Torch 


is in the neighborhood of 80 volts. To avoid danger to the opera- 
tor the entire arc circuit is preferably insulated from ground. A 
motor-generator may be used to give either direct or alternating 
current for the arc, but it is usually more satisfactory to use a 
specially designed transformer. 

The connections that have been used in most of the work to be 
described are shown in Fig. 2 and will be readily understood. When 
the arc is not operating the electrodes are in contact by the action 
of the spring attached to the control lever, so that there are no 
voltages on the electrodes and the torch.can be laid down on any 
material without danger of flashing the operator’s eyes. To strike 
the are the electrodes are merely separated by pressing the lever. 

Should the open-circuit voltage at any time be impressed across 
the electrodes when separated, or the operator break the are by 
spreading the electrodes too far apart a relay in the are circuit 
(contactor B as shown in Fig. 2) will trip the feecer circuit, in 
which case it is necessary for the electrodes to be brought in con- 
tact again before the main feeder circuit can be restored. 
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The Welding Are 


The torches illustrated in Fig. 1 are operated ordinarily with 
currents ranging from 20 to 70 amperes, depending mainly on the 
thickness of the material being welded. Where greater currents 
than this are required.14-in, and 14-in. electrodes are used, special 
supports being necessary for them. 

In the few recent experiments, illustrations of which will be 
shown later, low carbon steel samples, containing 0.20 C, in sheet 
form of different thicknesses, were welded with the currents shown 
in the following tabulation: 


Thickness in inches......... ye 3/16 \%G ¥e 14 
AMP ....s amas ss uae 30 40 50 60 70 





Fig. 3. Soft Steel Weld—-Hydrogen Gas Used Alone 


t 





Fig. 4. Soft Steel Weld-—-Hydrogen and Nieage n 
Used in Equal Proportions 


Thorough penetration was obtained for each reading taken, the 
rate of welding on 4-in. lengths being from 15 to 20 ft. per hour. 
Alternating current was used in practically all work, 

The voltage drop across the arc while in operation. varies from 
60 to 100 volts, depending on the amount of opening between the 
electrode tips. This voltage is nearly independent of the current, 
between the limits of 20 and 70 amp., although a slight decrease 
in voltage is usually noted when the current is increased. Repeated 
experiments have shown that the lower voltage arc (60 to 80 
volts) obtained by separating the electrodes only 1/16 or \% in. 
has a more concentrated working zone and is the most efficient arc 
for most kinds of welding. 
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The rate of consumption of gas used per torch for ordina:- 
welding varies between 20 and 30 cu. ft. per hour, depending to 
some extent on the amount of surface of the work to be covered. 
For outside work, however, especially in windy places, these 
amounts may be increased. The gas pressure required to operate 
the torch is very small; in the laboratory where short lengths of 
hose were used, a pressure of less than one pound per square inch 
was sufficient to weld metals % to \% in. thick. 





Fig. 5. Photomicrograph of the Weld in Fig. 4 


A test for consumption of electrodes was made with alternating 
current and was found to vary greatly with the depth of penetra- 
tion of the weld. On all metals up to '% in. thickness, less than 
1/64 in. of the electrodes was consumed per 24 in. of joint welded 
while with thicknesses of % and \% in., 1/64 in. to 1/32 in. of 
electrode was consumed per’inch of joint welded. 

With direct current one electrode becomes much hotter than the 
other and this increases the consumption of electrodes and may 
necessitate electrodes of larger diameter. 

With two electrodes, the number commonly used, a fan-shaped 
arc is obtained which has a very narrow cross-section and a spread 
of 4% in. to % in. This arc, when the current is 20 amp. or more, 
will melt an iron rod 4 in. in diameter when placed 2 in. from it. 

By bringing the arc closer to the surface of a larger mass of 
metal it is found that the metal melts very rapidly. For welding, 
the maximum rate of heating is desired and this is obtained by 
bringing the torch so close to the metal that the lower portion of 
the fan-shaped arc is just about in contact with the metal and this 
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causes the arc to change its shape somewhat. The tip of the elec- 
trodes are then usually about % to 4 in. from the metal. Portions 
of the arc may at times become short-circuited by the metal so 
that the tracks of cathode spots on the metal may be seen, but this 
seems to play no important part in the welding process. 

For good welding it is important to hold the torch inclined at 
about 45 deg. to the plane of the metal surface which is being 
welded so that the blast of hydrogen from the torch passes over 
the pool of molten metal in a direction opposite to that in which 
the torch is moved along the line of the weld. In this way the 
metal at every point becomes heated and melts very rapidly but 





lig. 6. Various Views of a Weld Made on Sheet Metal by a Full-automatic Welding 
° Machine 


cools comparatively slowly. so that the dissolved gases have time 
to escape before the metal freezes. This solidification of metal 
at the fringe of the gas flame is responsible for the elimination of 
what are called gas pockets and inclusions and is one of the most 
important phases of the process. A welder with some experience 
in either electric or gas welding will observe this before many 
welds are made. 

When the torch is inclined in the proper way to the plane of 
the work and is moved steadily along the line of weld, the molten 
pool is elliptical in shape, being usually. about twice as long (or 
more) in the direction of weld as across it. 

By inclining the torch in the manner described, the gases which 
escape from the pool usually in the form of bubbles, are blown 
away by the blast of hydrogen so that they do not disturb the arc. 
In this way the flame of atomic hydrogen preserves a constant 
shape so that a very uniform weld can be obtained. 





38 JOURNAL OF THE A. W. 8. {March 


Another advantage of inclining the torch is that the heat from 
the arc and the burning gases is prevented from unduly heating 
the torch and this tends greatly to reduce the consumption of the 
electrodes. 


The Use of Gas Mixtures and Various Electrode Materials 


Hydrogen when used alone in this process was found to possess : 
many characteristics which mixtures of hydrogen with other gases 
did not have. One of the most important of these is that the arc 
itself is more steady and does not spread over as much area, the 
advantage of this being a narrower weld with greater penetration 

- when using the same currents. Mixtures of hydrogen and nitro- ’ 


a 








Figs. 8 and 9. High-chromium Welded Steel Tubes 


gen, half and half, required an increase of are voltage of 10 to 20 
per cent over that for hydrogen alone, using the same currents in 
both cases. With this mixture of hydrogen and nitrogen the welds 
were ductile and solid. 

Illuminating gas with graphite electrodes gave ductile welds on 
copper, and some of the non-ferrous metals, but gave very porous 
welds on steel. Where hydrogen is added to illuminating gas, up 
to 75 per cent hydrogen content, ductile welds were obtained on 
iron and its alloys. Graphite electrodes with hydrogen alone gave 
ductile non-porous welds on iron. However, the graphite elect- 
rodes, which were 1% in. in diameter, required continual adjust- 
ment in all of these tests, due to the excessive rate of consumption. 
Approximately 14 in. of the electrodes was consumed per inch of 
weld on \4-in. copper. 

Illuminating gas with tungsten electrodes gives approximately 
the same results as were obtained .with the graphite electrodes. 
Using this gas and mixtures of hydrogen or air, tungsten carbide 
is formed which melts at a lower temperature causing globules of 
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this compound to form at the contact ends of the electrodes. The 
arc voltage is approximately double that of the hydrogen arc when 
illuminating gas alone is used as the medium. 

Ammonia gas decomposed by passing through a coil of iron pipe 
heated to 650 deg. C., giving three parts hydrogen to one part 
nitrogen, can be used when hydrogen alone is not available. The 





Fig. 10. Weld of Rectifier Seal, Joining Chromium and Low Carbon Steels 
results obtained with this mixture were similar to those where 
mixtures of half and half hydrogen and: nitrogen were used, re- 
quiring a slightly higher arc voltage compared to hydrogen alone. 

When methanol decomposed by means of catalytic action into 
hydrogen and carbon monoxide gases, was used in the process, the 
attack on tungsten electrodes was similar to that with mixtures 
of illuminating gas with. hydrogen. Tungsten carbide formed at 
the contact ends of the electrodes and an increase of approximately 
50 per cent in are voltage over that with hydrogen alone was re- 
quired. 

In the welding carried on in the laboratory the greater part has 
been done with hydrogen alone, other gases being used for com- 
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parative tests only. A great amount of work has been done on the 
various metals and their alloys in different forms of welding with 
hydrogen. 


Materials Welded 


Low carbon steels up to 4-in. thickness have been welded with- 
out additional metal by butting the ends together tightly so that 
no space remains between them, and tack-welding on both ends 
or in as many places as found necessary where they are not 
mechanically fastened. This sort of welding has also been applied 
to tubes when held in forms having a copper chilling bar imme- 
diately under the joint. 





Fig. 11.. Silicon Copper and Soft Steel Weld (100 Diameters) 


Considerable work was done in connection with full automatic 
welding where the same procedure as butt welding was used, no 
metal being added to the seam. The edges -were cut by a shear in 
thickness up to '4 in. which is the maximum “thickness used on auto- 
matic experimental work so far. In this work the metal was 
clamped on a chilling bar by air pressure or mechanical means. 
The are mechanism was mounted on a movable carriage capable 
of speeds from 15 in. to 56 in. per minute. Here other gases were 
tried alone and in combination. with each other, the hydrogen gas 
giving best results. 

On welds with thicknesses greater than 1% in. where hand 
torches are to be used with currents not exceeding 70 amp., a 
small amount of space is left between the pieces to be welded, which 
enables the arc to pehetrate to the full depth of the work, the re- 
maining space being filled with added metal. 

In some cases where pieces 1 in. thick were welded from one 
side only, V-shaped slots were cut along the seams to within 14 in. 
from the bottom of the piece. Filler metal may be added if neces- 
sary to any thickness of weld. This metal may have the same 
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constituents as the parent metal or it may be lower or higher in 
carbon content. It may contain Mg, Cr, Mo, Al, W, Si, or impuri- 
ties of S,P, etc. 

Aluminum alone and in combination with iron (15 per cent Al-Fe 





Fig. 12. Silicon Copper to Invar Weld—Enlarged 





Fig. 13. Steel Weld Using Alloy Filler Rod 





Fig. 14. Welded Joint Subjected to 90-deg. Bend 
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alloy) has been used for a final layer, covering welds made with 
low carbon steel. A number of different alloys of Al, Ni and Cr 
have also been used for filler rod. 

Aland Ni alone or together may be welded by this process. They 
possess, however a tough oxide skin when in the molten state which 
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Fig. 15. Welded Tube Crushed at the Joint Without Damage 





Fig. 16. Welded Material Subjected to Expansion 


the atomic hydrogen flame breaks through when it is brought in 
contact with the surface. It is important*that suitable chilling 
facilities be used in these cases, especially under the weld, due t: 
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the intense heat of the arc. This chilling will prevent the metal 
from flowing away underneath. Many of the chrome-nickel alloys 
dre similar to Al and Ni in this characteristic and also require 
chilling facilities immediately under the weld. 


Test Data 


Figs, 3 and 4 show a longitudinal and transverse cut through a 
low carbon steel weld (0.20 C) in which no additional metal has 
been added to the weld. Hydrogen alone was used in Fig. 3 while 
equal quantities of nitrogen and hydrogen were used in Fig. 4. 
The thickness of metal is 3/16 in.; the specimens were 4 in. long. 





Fig. 17. Bending of Welded Samples 





Fig. 18. Tension Test—Note That No Breaks Occurred at Welds 


An average of 1 minute was taken for welding these specimens 
with 40 amp. and 60 volts across the arc. Tests for ductility were 
made on these specimens after being welded. They were bent 
transversely and longitudinally through 180 deg. without break- 
ing in the welds. 

Fig. 5 gives a microscopic section of the junction of the metal 
involved in the weld with the original parent metal. The enlarged 
grain boundaries due to the heat of the arc appear at the left side. 

Fig..6 shows three sides of a weld made with the material in 
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sheet form by full automatic control on the automatic machine 
using hydrogen with a 60-amp., 60-volt arc, at a speed of 30 in. 
per minute. The steels used for this experimental work on ma- 
chine welding were mostly low carbon steels (0.10 to 0.20 C.), 
with thicknesses of 0.060 in. to 0.125 in., no material being added 
to the weld. Tests for ductility on these welds are shown in Figs. 
16 and 17. 

Up to the present time the automatic welding machine used in 
this process has not been fully developed, the greater part of the 
work being carried on with hand torches. In practically all the 





Fig. 19. Material in Weld Rolled Into Ribbon 





Fig. 20. Tension and Bending Tests on %-in. Cold-rolled Steel 


illustrations to follow, unless especially mentioned, hand welding 
torches were used. 

A number of welds were made on seamless tubing having a wall! 
thickness of 14 in. and an outside diameter of 4 in. to boiler plate 
iron 1 in. thick. The boiler plate was machined to permit the tube 
to project through to the opposite surface. The atomic hydrogen 
torch was applied at the junction of the tube and the boiler plate 
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directly over the place where they made contact with each other, 
fusing the two metals together to a depth of 3% in. and 1% in. wide. 
This weld completely surrounded the tube, making additional meta] 
unnecessary, showing very little reduction of area if close fit is 
made for the tubes in the boiler plate. 

Fig. 7 shows tubes made of low carbon steel 1 in. outside diam- 
eter, rolled from 1/64, 1/32, 1/16 and 1%-in. sheet stock, butt welded 
on a mandrel. Tubes of the same dimensions and thickness of 
stock were made of high-content chromium steels, some of which 
are shown in Figs. 8 and 9. The latter shows glass seals attached 
to 25 per cent chromium steel for vacuum tests. 

Welds on deoxidized copper such as silicon copper have been 
made up to %% in. thick metal, giving unusually good sections. 
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Fig. 21. Rockwell Hardness Tests on Hydrogen Arc Welds 


Photographs of these welds were found to be too poor in detail 
for illustration. On short lengths of this copper, 2 in. by 4 in. by 
3% in. thick, butt welds have been made by penetration from one 
side. With heavier pieces than this, welds were made on two sides 
or additional metal was added to the weld. 

Fig. 10 shows a rectifier seal before and after the weld was made. 
The tubular part on the inside was made of 26 per cent chromium 
steel, the outer part of low carbon steel. Fig. 11 is a photomicro- 
graph (100 diameters) showing a silicon copper and low carbon 
steel weld. Fig. 12 shows a silicon copper to invar (35 per cent 
Ni, 65 per cent Fe) seal weld, the invar is approximately 0.100 in. 
thick, the copper 1% in. thick. Fig. 13 shows a weld made between 
two pieces of low carbon steel with a filler rod containing 3 per 
cent tungsten, 1144 per cent chromium, 1.1 per cent vanadium and 
0.60 per cent carbon. 

Figs. 14, 15, 16, 17 show ductility tests on low carbon steels with 
thicknesses from 0.0625 to 0.375 in. In Fig. 14 a 45-deg. beve: 
was cut on each of two pieces of 34-in. thick cold rolled steel 12 in. 
long. A large bead was welded into the V formed by the two 
pieces. After welding it was placed in a hydraulic press and bent 
into an angle of 90 deg. as shown. Fig. 18 shows tensile tests 
made on 14-in. strips cut from one sheet, while Fig. 17 shows 180- 
deg. bends in both directions with respect to the weld. 

Fig. 19 shows two strips of low carbon steel made from welds 
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cut out of sheet stock, the smaller a longitudinal weld 1% in. thick 
and 34 in. wide rolled hot to 1/64 in. thick; the larger strip is cut 
transversely from a sheet of seven welds made up of 14-in. stock 
1% in. wide with ends butted together. In this rolled condition 
the weld has entirely disappeared. If the metal is properly an- 
nealed it can be used for sheet metal if desired. 

Rockwell hardness tests using the diamond cone were made on 
strips of cold-rolled steel 34 in. wide and 14 in. long, these pieces 
being cut from sheets having butt welds in the center with a slight 
amount of Armco filler rod added (see Fig. 20). Ductility and ten- 
sile test were made at and near the welds. A typica! curve show- 
ing the softest areas to be within 14 in. of the boundaries of the 
‘weld is given in Fig. 21, all bars tested breaking in this soft area. 


TABLE I : 
Width, “Thickness, Ultimate Tensile 
Specimen In. In. Yield Point Strength 
1 0.775 0.2460 39.600 63,500 
2 0.785 0.2485 45,300 67.000 
3 0.784 0.2455 42,000 66,400 
‘ TABLE II 
Diameter, Ultimate Tensile 
Specimen In. Yield Point . Streneth 
o>. be 1 54,300 62.800 
2 14 46.400 58.300 
3 ly 42.200 59,000 
4 % 46,100 ; 57,500 


These samples were given a tensile test with the results shown 
in Table I. Test samples made of low carbon steel 0.20 C. with a 
double V weld, using Armco rod for filler gave tensile values ac- 
cording to Table Il. 





Are Welding in Hydrogen and Other Gases 
By P. ALEXANDER{ 


The growing importance of electric welding in manufacturing 
and structural work is constantly urging research engineers to 
pursue their work in improvements of methods and equipment with 
increasing energy. It is the purpose of this article to give a brief 
description of a new method of arc welding in a hydrogenated 
atmosphere. 

The two problems that have attracted most attention in the 
last few years are greater speed of welding and improvement of 
ductility in the deposited metal. The first problem up to a certain 
limit can be solved by a continual increase in the welding current. 
The second is more difficult and is still in process of actual develop- 
ment. The reason for this is the exeptionally high temperature 
of the arc and the very short time in which chemical reactions and 
solidification of the metal are taking place. 

The extensive research work carried out during the last decade 
by several laboratories and a number of isolated investigators has 
shown that the ductility of the weld is limited by the presence of 
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oxides and nitrides of iron introduced into the molten metal during 
the welding operation. 

Aiming first at the solution of the second problem; that is, the 
production of more ductile welds, the author has been conducting 
a systematic investigation on welds produced in different gaseous 
media. 
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Since the accepted explanation of brittleness in arc welds was the 
presence in the weld of oxides and nitrides of iron, the first experi- 
ments were conducted with the idea of complete elimination of both 
xygen and nitrogen in the atmospheric gases around the arc. 
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The Hydrogen Weld 


After a series of preliminary experiments with carbon dioxide, 
superheated steam, illuminating gas, and other gaseous mixtures, 
pure hydrogen was tried, which at once gave excellent results. 
The welds produced in that gas proved to be pérfectly ductile, to 
be almost free from oxide inclusions, and to possess a very high 
tensile strength. 

The practical solution of supplying a hydrogen atmosphere 
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Fig. 2. New Model of the Torch for Semi-automatic Arc Welding in 
Hydrogenated Atmosphere 
A—Arc; GF—Gas Flame; WW—Welding Wire. 
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Fig. 3. Test Bars Machined from Arc-deposited Metal in Hydrogen 


around the are consists in directing a jet. of hydrogen alongside 
the welding electrode. In other words, the arc is drawn inside of a 
hydrogen flame. ’ 

This method at first met with great difficulties on account of the 
instability of the arc in that gas. But subsequently that obstacle 
was not only overcome but turned into a great advantage. 

The first condition for drawing an iron welding are in hydrogen 
is an open-circuit voltage of the generator of at least 120 volts. 
The second characteristic of the welding arc in hydrogen is a high 
voltage drop across the arc, which for practical purposes is always 
_ about forty volts. 

The sum of the anode and cathode drops in the welding are of 
100 amperes was found to be about 30 volts, which is more than 
double that of the same arc in air. 

From this it follows that with the same welding current the 
apparent double resistance of the arc permits the liberation in the 
are of double amounts of energy. 

. This advantage has been utilized still further by using arcs of 
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55-60 volts. In that case the energy of the arc is trebled and is 
sufficient to do welding of the stock up to half an inch in thickness 
without beveling the edges of the plates. This in itself is a con- 
siderable saving in time and cost. 

The average speed of welding attained with the apparatus 
shown in Fig. 1 on 4-in. and 4-in plates was considerably higher 
than that attained in air even with slightly higher currents. 


Speed 


The high speed of the hydrogen weld is due to two causes—first 
a much greater energy of the arc and second to the welding with- 








Fig. 4. Various Samples of Welds in Hydrogen 


\%-in. stock with a very high bead and practically no penetration. (The other 
extreme is shown in s imen 2). 


\%-in. boiler plate welded with high-power arc. The welding is accomplished with- 
out beveling the edges of the plates. 


3—Nickel-chromium alloy welded with carbon electrode 
i—Stainless steel welded with metallic electrode. 
5-——Test bars welded in the middle. 


out beveling of the edges. In such case the amount of the metal 
which it is necessary to deposit to fill up the gap between the plates 
is very small indeed. The operation of joining two plates edgewise 
is reduced to a rapid melting of the edges together and a compensa- 
tion for the metal lost by an electro-evaporation from the crater. 

To give a specific example of the speed of welding, it can be 
stated that by using 180 amp. and 60 volts, 14-in. boiler plates 
have been welded at a speed of 60 ft. per hr. 

The second feature of the process is even more valuable than 
the speed, in that it gives a weld of great ductility. Fig. 3 shows 
test bars machined out of metal deposited entirely by the arc. 

Data on test bars machined out of meta! deposited entirely by 
the are are presented in Table I, an inspection of which will give 
an idea of the physical properties of the deposited metal. 

Particular attention is called to its remarkable ductility. This 
is a factor of prime importance in the welds of structures that 
are subjected to vibration, accidental bending stress, or overload. 
Also, it equalizes the internal cooling stresses when present in the 
weld. ' : 


If any part of the ductile weld is stressed beyond its elastic 
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limit, it will not crack. It will yield until the stresses are «more 
or less equalized all along the joint, which is so proportioned as to 
stand with safety the imposed load. 

As it was stated, the arc is maintained inside of a hydrogen 
stream which burns along its outer surface of contact with the 
air. The electrode is entirely surrounded by hydrogen, which 
eliminates the possibility of the metal in the crater coming in 
contact with air. 





Fig. 5. A Variety of Test reese se Be danny with the Metallic Electrode 
n r 
A and B in bottom row—Test care welded under identical conditions 
in air, maximum bend 30 deg. 


~ 


TABLE 1 
Reduction Elonga- 
Elastic Tensile of Area, tion, 


Electrode Carbon Content Limit Strength Per Cent 7, Cent 
Material Used of the De- 42,000 57.800 55 
Arc deposited Sheathed eucer ae 39,376 55,435 49 31 
metal electrode 0.0 42,685 56,750 40 29.5 


At high temperature hydrogen acts not only as a blanketing 
medium but also as one of the most energetic chemical reagents. 
Besides this action of molecular hydrogen a certain amount of the 
gas in the vicinity of the arc core is dissociated into the atomic 
state and its exceptional affinity for oxygen is sufficient to prevent 
any oxidation of the weld. 

Neither the oxygen produced by the decomposition of oxides 
present in the metal plate nor that which infilters through the 
hydrogen flame will combine with iron so long as a sufficient 
amount of hydrogen is present. 

The active nature of hydrogen is of paramount importance for 
practical applications of the process. As practically all arc welding 

' is done in open air, it is impracticable to devise a torch which will 
ahectutely exclude all the air from around the arc, and unless 
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hydrogen neutralizes the action of infiltrated oxygen and nitrogen 
the results cannot be uniform. 

Summarizing the above brief description of the hydrogen proc- 
ess, it can be stated that it accomplishes two main purposes; first, 
it increases the speed of welding by concentrating in the arc large 
amounts of energy without the use of excessive currents; and sec- 
ond, it produces a perfectly ductile weld. 
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Fig. 6. Various Thin Stock Specimens Welded in Hydrogen and in 
Air, with Metallic and with Carbon Electrodes 
Top Row—Metallic electrode: 1, 2 and 5 in hydrogen; 3 in air; 4 part 
a in hydrogen, part ¢ in air. Bottam Row—Carbon electrode: ail in 
hydrogen. 


The continuous absorption and evolution of large amounts cf 
hydrogen by the molten metal is equivalent to a thorough washing 
of the liquid metal with hot hydrogen. It is believed that the excep- 
tionally high elastic limit of the deposited metal is due to this 
washing with atomic hydrogen. Indeed the elastic limit of the 
pure iron electrode before deposition is on an average 29,000 lb. 
per sq. in. . The elastic limit of the same electrode deposited by 
the are in hydrogen is on an average 42,000 lb. per sq. in. 


Welding in Water Gas Atmosphere 


After the work on the hydrogen welding had been found to be 
successful as stated, Professor Elihu Thomson suggested the great 
desirability of testing whether mixtures of gases containing hydro- 
gen or substances which under the heat of the arc would produce 
hydrogen along with carbon monoxide would not give a thoroughly 
practical result, such as would meet the necessities of the ordinary 
art. One of the first of these tried was actually water gas, which 
is a mixture of equal volumes of carbon monoxide and hydrogen 
gas. It was established that a weld produced in water gas or 
certain other gaseous mixtures or mixtures of gases and vapors ‘is 
perfectly ductile and easier to produce than when made in sub- 
stantially pure hydrogen, it was found that the open circuit volt- 
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age of the welding generator need not be abnormally high and that 
the arc itself became much more stable. Other investigations were 
carried on with various mixtures in which the substantial com- 
position of the resulting gases, when exposed to the heat of the 
arc, would be of the same nature as that of water gas. Another 
advantage of water gas is its nxceedingly low price. 

The usual method of generation of water gas is by passing a jet 
of steam over the surface of incandescent coke. This operation 
- is conveniently carried out in a special gas generator consisting 
of a furnace filled with slowly burning coke, and a boiler. The 
steam generated in the boiler is passed through the pile of in- 
candescent coke. ,At this temperature and in the presence of 
carbon, water or steam is decomposed.- The oxygen combines with 
coke, producing carbon monoxide, which after mixing with liber- 
ated hydrogen gives a gaseous mixture of 50 per cent hydrogen 
and 50 per cent carbon monoxide by volume, known as water gas. 

The work with various mixtures of carbon monoxide and hydro- 
gen, produced either synthetically or by decomposition of various 
organic compounds, demonstrated that ductile welds can be pro- 
duced in the atmosphere of any mixture of hydrogen and carbon 
monoxide: 

The mixture of carbon monoxide and hydrogen can be produced 
in special generators or, as in case of a mixture of propane and 
carbon dioxide, immediately in the flame surrounding the arc. 

Among all the gases and organic compounds, methanol deserves 
a special consideration. Methanol or synthetic wood alcohol, desig- 
nated by a chemical formula CH,OH, is a liquid at ordinary tem- 
perature. It boils at 66 deg. C. and the vapors are completely 
decomposed into hydrogen and carbon monoxide at about 700 
deg. C. . 

This shows that a gaseous mixture of a similar composition to 
water gas can be stored in a perfectly stable liquid form. It can 


be easily transported with the portable welding outfits and, when. 


desired, readily converted into a gaseous mixture. The signifi- 
cance of the storage of gases in a liquid state can be seen from 
the fact that one gallon of methanol will give 232 cu. ft. of gas. 

Another great advantage of methanol is that carbon monoxide 
and hydrogen are stored in a chemically combined state, which 
eliminates any danger from poisonous action of the former gas, in 
case of a slight leakage from the storage coritainer. 

The decomposition of methanol vapor into a mixture of hydro- 
gen and carbon monoxide can be effected in a special. dissociation 
chamber or inside of the flame played from the nozzle of the weld- 
ing torch. At the surface of the flame these gases combine with 
the oxygen of the air and, due to the excess of that gas, are com- 
pletely converted into water vapor and carbon dioxide. The weld- 
‘ing torches with metallic or carbon electrodes are the same as those 
used for welding in pure hydrogen. 
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Methanol is a cheap commercial product and the latest develop- 
ments of producing it on a large scale indicate that in the very 


near future the welding in dissociated methanol will be almost as 
cheap as in water gas. 


Welding in Nitrogen-Hydrogen Mixtures 


The idea of welding in an atmosphere of neutral gases is not a 
new one. Carbon dioxide, which is an example, although neutral 
at ordinary temperatures, is readily decomposed by the high tem- 
perature of the arc into a mixture of oxygen and carbon monoxide, 


and therefore the weld produced in a CO, atmosphere is highly oxi- 
dized and is quite brittle. 











Various Samples Twisted or Bent More Than 180 Deg. Without 
Cracking 

Top Row—Twisting tests. Midd'e Row—Samples welded with catbon 

are in hydrogen Bottom Row—Bending tests on arc-deposited metal 


Welding in nitrogen has been tried by many investigators, and 
the results obtained were not at all encouraging. Lately the exten- 
sive work on nitrides in steel ard electric welds demonstrated the 
deleterious effect of nitrogen at high temperatures on ferrous alloys. 

These various investigations demonstrated without room for 
doubt that if the nitrogen content in steel reaches 0.05 of one per 
cent the metal is so brittle that it cannot be used in engineering 
structures. Mixtures of nitrogen with carbon monoxide have also 
heen tried without success. It seemed that nitrogen was barred 
rom any welding work on ferrous alloys. Yet Dr. Irving Lang- 
nuir and the author, after examination of all the evidence inves- 
tigated cnce more the possibility of using this gas for welding, to 

scertain whether some of the mixtures of this gas with various 
mounts of hydrogen could not be used for welding work. 

A series of experiments conducted with the nitrogen-hydrogen 
ixtures demonstrated that mixtures of these gases give perfectly 
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ductile welds and that the amount of hydrogen might -be varied 
within very wide limits. It might he as high as 90 and as low as 
10 per cent. If the proportion of either gas exceeds 90 per cent 
the stability of the arc and the quality of the weld are character- 
istic of the predominating gas. .By taking special precautions and 
by using gases of very high purity, the percentage of hydrogen 
may be reduced to 6 per cent or even less and still produce fairly 
duttile welds. Yet for practical purposes when the welding is 
done under factory conditions, 8 per cent of hydrogen should be 
regarded as the lower limit. The presence of nitrogen in the 
gaseous mixture is manifested by a much lower striking voltage 
and a greater stability of the arc. The arc voltage also is greatly 
influenced and, as the experiments indicated, is directly propor- 
tional to the amount of hydrogen. The possibility of using hydro- 
gen-nitrogen mixtures enabled another solution to the problem of 
storage of welding gases to be worked out. 

It must be remembered that pure hydrogen connie be aiteolv ed 
to any considerable extent in any common substance. The only 
way to store hydrogen is by compressing it into high-pressure 
cylinders. But even compression as high as 2000 lb. per sq. in. 
permits the storage of only 200 cu. ft. of gas in a cylinder of the 
usual size. j io ee 

To store the gas in large quantities it must be liquefied. Follow- 
ing this line of investigation the author conceived the idea of using 
ammonia. This substance is represented by the chemical formula 
NH,, which indicates that if this compound be dissociated into its 
elements, it will give a stable gaseous mixture consisting by volume 
of 75 per cent of hydrogen and 25 per cent of nitrogen. 

The following work with this sustance demonstrated that the 
decomposition can be accomplished very conveniently in the pres- 
ence of the usual catalysts at a temperature as low as 600 deg. C. 

The apparatus used for welding in dissociated ammonia consists 
of the ordinary storage cylinder containing 50 or 100 lb. anhydrous 
liquefied ammonia and a dissociation chamber about 12 in long 
provided with the catalyst and a heating coil. Once ammonia has 
passed through the dissociation chamber, it is entirely decomposed 
into a perfectly stable mixture of hydrogen and nitrogen which 
may be used immediately in the welding torch or stored in a 
gasometer. This mixture can be used in the same way as pur: 
hydrogen for welding with metallic or carbon electrodes. 

The significance of using ammonia can be seen from the fac! 
that a comparatively small cylinder of 50-lb. capacity will supp!) 
2250 cu. ft. of gas. The larger cylinders of the size of low-pres- 
sure. hydrogen cylinders used in the factories contain 100 lb. o! 
liquid ammonia ahd will produce 4500 eu. ft. of gas. 

’ Phe present. cost of liquid ammonia is fifteen cents per pound 
so that the -cost of the gaseous mixture will be one-third’of on: 
eet per cu. ft., which compares very favorably with thé" cost of 
hydrogen sold in high-pressure tanks at’ one cent per éu. f#.°"" 
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Conclusion 


In the outlined methods of welding and the obtaining of pro- 
tective gaesous media for the operation, emphasis was laid of 
hydrogen, water gas, methanol and ammonia, since these gases are 
likely to find immediate industrial application on a large scale. 

The welding in other media and mixtures has been also thor- 
oughly investigated. The results of those experiments are of a 
somewhat more academic nature and will be published in a separate 
article devoted to the theoretical aspect of the welding in different 
gaseous media and the mechanism of nitrogenation of the arc-fused 
metal. 





Electro-Gas Under-Water Cutting 
By WILLIAM SCHENSTROM? 


A combination of an electric arc and oxygen has been tried for 
cutting operations. However, these operations were above water. 
In the early stages of under-water cutting, experiments were made 
with an acetylene flame along with the electric arc, but tests indi- 
cated that acetylene was unnecessary. Around 1915-16 the first 
authentic electric underwater cutting operations were started and 
now have been developed to a high state of efficiency. 

The method is simply the generating of heat by means of an 
electric are using a carbon electrode and introducing oxygen into 
the heated area in order to make a chemical combination with the 
steel in the same manner as with the oxy-acetylene flame which is 
used in ordinary above-water cutting operations. The oxygen for 
under-water cutting is. furnished from bottles such as are used 
ordinarily in oxy-acetylene cutting operations. 

The torch itself consists of a non-conductive handle with a shield 
n front of it to protect the hand of the operator from the heat of 
the are. In front of the shield is the holder of the electrode with 
connection for the lead wire. There is also the connection for 
the oxygen hose to be connected on to the torch. A flat carbon 
electrode, which has two holes longitudinally through its center, 
is used and set into the holder. The two holes in the electrodes 
are at their posterior end connected to the hose from the oxygen 
bottle by means of the special connection. The cable and hose are 
connected together in one conduit. These, with the life line and 
air hose, complete the diver’s under-water equipment. 

The electric current values are 400 amperes to 1000 amperes, .at 
90 volts to 100 volts, depending on the condition under which the 
vork is being done. It is desirable to have an absolutely constant 
otential under varying loads. 

The cutting action of this torch is somewhat as follows: 

The diver strikes an are by first touching the end of his carbon 
0 that point of the object where he wants to start cutting, and 
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then withdraws it until he has a long electric are between the end 
of the electrode and the metal to. be cut. The heat from the arc 
causes a globe of vapor to form around the arc, which is further 
increased when the oxygen flowing through the carbon is projected 
on to the surface of the melting steel. Apparent difficulties as a 
-result of the conductivity of water are thereby eliminated. The 
are is constantly keeping this bubble or blanket of steam intact 
while the oxygen blows out any molten metal from the cut. The 
result is a remarkably clean cut which looks more like a cut with 
an oxy-acetylene flame than that of an electric arc. 

There are considerable difficulties connected with the operation 
of the under-water cutting torch. The diver has a lot of appara- 
tus to handle, has to take awkward positions to get at the work, 
combined with a certain amount of danger. In the winter the 
diver can only work a very short time before he becomes chilled. 
In dirty harbor water, such as around New York, the visibility 
is practically nil. Special electric diving lamps have been de- 
signed to help the diver in working in muddy water and at great 
depths. These lamps throw a beam of light four times as powerfu! 
as the headlight of a locomotive. Because of the heavy, hard 
glass bulbs, it is possible to burn them without any protection in 
the water, but they cannot be burned above water as the intense 
heat of the concentrated tungsten filament would melt the glass in 
afew minutes. A large reflector is used to direct the light against 
the work. Under good conditions, that is clear water, the lamps 
throw a beam of light approximately 35 ft. to 40 ft. If the water 
is very dirty, the effect is that of a heavy fog which absorbs a great 
deal of illumination. The motion of the tides and the continua! 
movement of the water make it practically impossible for the 
diver to hold a constant arc length. 

Applications of the under-water arc are too manifold to enumer- 
ate, but a few will be given below: 

When preparations were made to dig the numerous intake and 
outlet tunnels necessary to convey 800,000 gal. per minute of cool- 
ing water from the East River to the condensers of the Hudson 
Avenue Power Station of the Brooklyn Edison Company, a coffer 
dam of 58 Ib. steel sheet piles was driven along the river front. 
It was decided to cut the sheet piles under water. The line of the 
desired cut was 35 ft. under water and 150 piles were cut at this 
depth to uncover the intake and outlet tunnels. As many as 11 
piles were cut in one day by one operator in spite of the 6 or 7 
knot current of the East River and the extreme cold. 

Recently, while a steamer was docked at her pier in Hoboken, 
one of the 114-in. mooring wires became fouled in one of the steam- 
er’s propellers. The propeller was turning over at the time and 
before the engines could be stopped many turns of wire became 
' wrapped tightly around the propeller and the shaft tube. 

At first efforts were made to clear this wire by slowly turning 
this propeller and pulling on the free end of the wire. As there 
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were many cross turns around the shaft this effort was unsuccess- 
ful. . 

An under-water cutting outfit was obtained and in three hours 
the job was completed, and the steamer was ready to go to sea. If 
this means of removing the wire had not been available, the steam- 
er would have had to go into dry dock. 

In connection with raising various sunken submarines and other 
vessels, under-water cutting has been of invaluable assistance. In 
December, 1921, the U. S. Submarine S-48 while on a trial trip sank 
in 70 ft. of water off Bridgeport harbor. Those in command of the 
vessel had the presence of mind to discharge the ballast from the 
bow until the bow was afloat and the crew was then rescued. The 
stern, however, was still. fast on the bottom. The under-water 
cutting apparatus was employed to burn through the heavily 
ribbed cast steel cover over the motor room hatch. A circular cut 
was made in this cover releasing the central toggle bolt so that the 
hatch cover could be opened. The divers were thereupon able to 
enter the submarine and close the water tight doors. A special 
hatch cover was prepared through which there was a hole for a 
4-in. suction which was connected to a submerged pump enabling 
the pumping and lifting of the submarine and its ultimate recov- 
ery. Submarines sunk in Philadelphia were cut up into 3 or 4 
longitudinal slices and taken up piece-meal. 

The results achieved with this method have been remarkable 
and the demand is increasing rapidly. 
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American Welding Society—1925 





A limited number of copies of the JouRNAL 
for the year 1925 are now available in attrac- 
tive book form. This bound volume includes 
subject and authors indexes of all technical 
papers appearing therein. 

As in previous years, these bound volumes 
are sold to members at $5.00 per copy. A 
few volumes are still left for the years 1922. 
1923 and 1924. 


Orders should be placed at once with the 
Secretary of the Society. 
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The Standard of Quality in Gas Welding and Cutting Equipment 


*. — 






The Torchweld Trademark, 
representing an original and 
distinctive development in the 
Oxy-Acetylene field, insures 


SAFETY—ECONOMY—DEPENDABILITY 
to all users of Torchweld Gas Welding and Cutting Equipment. 


Send for Catalog No. 23-J 
TORCHWELD EQUIPMENT COMPANY 
224 No. Carpenter St. Chicago, Hl. 








Bound Volumes Journal 


x 
1925 - 
Now Ready 
$5.00 to Members $10.00 to Non-Members 














ACETYLENE IN PORTABLE 
CYLINDERS FOR OXY-ACETYLENE 
WELDING AND CUTTING 


Do you understand our free loan cylinder plan? If not, 
we are glad to explain 


Supplied in the following size cylinders: 
10” x 30”—capacity 125 cu..ft. . 
12” x 36" “ — = 
12” x 44". “* — 


Prompt and efficient service on any quantity through plants 
and warehouses and truck deliveries. 


Commercial Acetylene Supply Co., Inc. 
(Main Office) 80 Broadway, New York City, N.Y. 


BRANCHES: 


613 Trust Co. of Georgia Bldg., Atlanta, Ga. 
80 E. Jackson Boulevard, cago, Ill 


553 Monadnock Bldg., San Francisco, Cal. 
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Essentials for Safe and Reliable Electric Arc Welding 
WANAMAKER COATED ELECTRODES 
and TECOR ACCESSORIES 


Write for Booklet 
TRANSPORTATION ENGINEERING CORPORATION 
269—37th STREET 327 S. LA SALLE STREET 

BROOKLYN, N. Y. CHICAGO 



























“LOWER OXYGEN PRESSURE” 
Welding and Cutting Equipment 
WRITE FOR CATALOG NO. 37 


THE BASTIAN-BLESSING COMPANY 
252 E. Ontario St., Chicago, Ill. 


SWEDOX. 


WELDING RODS, WIRES and ELECTRODES 


A Grade for Every Purpose 















NONOX SWEDOX TENSKOTE . BRONZOX 
LEKTROX SWEDOX DUCTKOTE BRONZK: 
CASTOX DU x TOBIN BRONZE 
ARC CARBOX NICKOX M ESE BRONZE 
x RAILOX MONEL METAL 
VANOX 
STEELKOTE KROMOX TENSILOX 
LEKKOTE MANGANO KROMKOTE 
CYLKOTE ALUMINOX NICKOTE 
MANKOTE DRAWN ALUMINUM VANKOTE 
OTE BRAZOX FLUXES 


SEND FOR TESTING SAMPLE 


We want every welder in the country—big or small—to be convinced of 
the specialised superiorities of SWEDOX products. We know that a trial 
will convince you. Hence the free offer. Try SWEDOX on your next 
welding job at our expense. 


CHICAGO, ILL. DETROIT, MICH. 
“ Bel" Gata Siset & Whee Gemhrang 2s" sen 
Phone: Phone: 
LaFayette 8500 Lincoln 6780 

. “We Ship the Same Day”’ 
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ADVERTISING 


E Westinghouse Portable Arc Welder saves, in 
power alone, more than 50% as compared with 
other welding methods. Quick action is the reason. 
No preheating is required; the metal melts and welds 
the instant the arc strikes it. 


Thus, time—the biggest factor in labor costs—is con- 
served and saved. 


This means money in your pocket on every welding 
operation—day in and day out—mounting up to 
yearly savings that will make your investment in 
Westinghouse Portable Arc Welders a highly profit- 
able one. 


Why not get the complete facts, as demonstrated by 
actual welding work that the Westinghouse Portable 
Arc Welders are doing daily. Ask the nearest West- 
inghouse office. 


Westinghouse Electric & Manufacturing Company 
East Pittsburgh Pennsylvania 
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OelCALlT— 
Iron and Mild Steel Rods 


Are offered Copper Coated for Gas Welding 
and Bare or Flux Coated for Electric Welding. 





THE WELDITE LINE 


WELDITE No. 6—A very pure iron conforming to the 
American Welding Society specifica- 
tions G-! A and E-! A. 

WELDITE No. 10—A slightly higher carbon iron repre- 
senting the very best in a general 
utility rod. Especially recommended 
for production work on tanks, boilers 
and sheet steel fabrication of all 
kinds. 


WELDITE No. 18—A mild steel conforming to the 
American Welding Society specifica- 
tions G-1 B and E-1 B. 

WELDITE No. 85—A high carbon steel very useful in 
railroad and oil field work. 


WELDITE No. 110—An extremely high carbon steel con- 
forming to the American Welding 
Society specification E-1 C. 


A catalog describing each rod in detail will be mailed upon request 


BAK of every WELDITE Rod are five years of painstaking 
experimental work conducted in our own Research Labo- 
ratory. The results are evident in the welding characteristics 
and uniformity of each rod in the WELDITE Line. They 
make better welds. 


TO WELDING ROD AND SUPPLY SALESMEN 
Much desirable territory is available for experienced welding 


supply salesmen under our agency plan. Correspondence is in- 
vited from men who want to establish a business of their own. 


CHICAGO STEEL & WIRE CO. 
103rd Street & Torrence Avenue, Chicago, Ill. 
Manafacturers 
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‘Til Tell You Why 
1 Like Wilson Wire 


it’s Always Uniform” 


The above is a Wil- 
son Type S Single- 
Operator Motor 
Driven Electric W eid- 
nq Mac hine, welding 


range 75-250 amperes 
Other models include 
vasolinge engine-driven 

perator units 


Simplicity—Close Control— Ruggedness 


Unexcelled simplicity, close regula- 
tion, strength and ruggedness of 
every part better engineering 
throughout—these are what make 
the Wilson Type S a better welding 
machine. \ts features include a 
self-exciting generator; a commu- 
tator that always shows /ess tem- 
perature rise than any other parteof 
the machine; an arc that is easy ‘to 
strike and easy to maintain? a 
simple, compact control panel; a 
current adjustment by a simple 
turning of a field rheostat knob; a 





Welders like Wilson Wire because they : s ° . 

haley 3 = nag sap ict” Bony - ga special resistance unit which can be 
formnlty ane know it's slways the supplied for reducing the welding 
same—that every r is e every 

other red of the same grade (analy- current to as low as: 125 | amperes. fox 
sis), nd they know they can se- 

pot f nay ews grade for eve light work and thin gauge metals. 
type of welding jo b—sech grade These and other features—-many of 
esignat color. ere is ‘' . . 

saving in using in inferior wire just which are found in no other ma- 
ecause it's ea Use ilson. M sin} M4 

Write Ue cemplen al Waleon chine—-make the Wilson Type S the 


(Color-tipt” Welding | Wire, indica- decided choice for practically every 
‘ ‘ 
ing e metal you esire to we kind of welding. 


The Wilson company devotes itself exclusively to the de- 
velopment and production of welding equipment and sup aes 
its unusual experience in all classes of electric wold 

is available for the solution of your welding robe 


WILSON: WELDER & METALS CO. INC., WILSON BLDG., HOBOKEN, NEW JERSEY 


WILSON. 


WELDING MACHINES AND WELDING WIRE 
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A carload every other 
working day 


Every other working day a carload 
of new cylinders is shipped from 
Prest-O-Lite’s own cylinder factory 
in Indianapolis. That is one of the 
reasons why you can always have 
an ample supply of dissolved acetylene 
for welding and cutting if you buy 
from Prest-O-Lite. 


Tue Prest-O- Lite 
ComPANY, INC. 
Oxy-Acetylene Division 


General Offices: Carbide und Carbon 
Bidg., 30 East 42d St... Now York 


Im Canada: Prest-O-Lite Co. 
of Canada, Limited, Toronto 


31 Plants — 85 Warehouses— 
22 District Sales Offices 


4 beeen ti eo A SS I a vs cy 


[March 








at 926] 








ADVERTISING 65 


What price energy? 


HEN you buy oxygen you 
buy so much energy. It is 
concentratedenergy,concentrated 
ability todo many kinds of unusual 
work. 
Oneofthemostimportantthings 
toknow about oxygen is how touse 
it efficiently. Concentrated energy 
of this kind is so easily wasted. 
Linde oxygen has for years been 
the standard of the industry, but 
long ago Linde realized that the 
customer needed more than good 
oxygen. Every conceivable service 
connected with its application and 
efficient use must be available to 
him. 
This is the reason for Linde ser- 
vice. It starts with the productand 


pared at the request of any Linde customer. 


its delivery tothe customer Itcon- 
tinues with service men of every 
rank, from practical welders to 
consulting engineers of wide ex- 
perience, and with a research lab- 
oratory where new advances in the 
use of the oxy-acetylene process 
are perfected. It is even possible, 
with Linde Procedure Controls, 
for a customer tocarry out difficult 
welding jobs unassisted. 





THE LINDE AIR PRODUCTS COMPANY 


General Offices: 


Carbide and Carbon Building, 30 Bast 42d Street, New York 


37 PLANTS—59 WAREHOUSES 


LINDE OXYGEN 
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ae 
fated acetylene? 


~ BOTH ARE equally good. Many prefer 
Me the convenience and portability of acetylene 
cylinders. Many prefer to generate their 
own acetylene and distribute it through 
piping systems. : 

So for those who prefer to generate their 
own acetylene, Oxweld has acetylene gen- 
erators. 


They vary in size from the largest sta- 
tionary Duplex Balance Seal generator 
which holds 1000 Ibs. of carbide, to the 
small 35 lb. portable type designed espe- 
cially for plants where a portable source of 
acetylene generation is desired. 

Thousands of Oxweld acetylene genera- 
tors, in many different industries have given 
more than ten years of consistent, reliable 
operating service. 


OXWELD ACETYLENE COMPANY 


LONG ISLAND CITY, N. Y. 
Ave. & Orton Se. 


+ 


> 


CHICAGO 
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Weldin 








axle housings 











with GE Automatic Welders 


Every manufacturer of automobiles should be aware of 
the tremendous savings that are being effected by the auto- 
matic arc welding of axle housings. 


A number of progressive manufacturers have installed 
G-E Automatic Arc Welders on this work because these 
machines have made it possible for them to have absolute 
control over both quantity and quality of product at all 
times. Results: 


Production is doubled 

Costs are decreased 

In addition to a complete line Joints _ arong and tight 

of agh aahdtenel bails enaereel Product is uniform arid better 


and automatic operation, 
General Electric manufac- 





tures welding electrode wire Because of the keen competition in the automotive field, 
bel ales tg the problem of reducing production costs is taxing the in- 
caceptional welds obtained genuity of every manufacturer. Automatic welding not 
rom thi i d the very 4 
fast production made on only of axle housings but of other automobile parts offers 
sitte by its use ere bringing the manufacturer an exceptional opportunity to reduce pro- 
’ ’ enera adoptio . . ‘ 
oveneiniens tie duction costs and to improve the quality of the product. 

28.16C 


GENERAL ELECTRIC 


ENERAL ELECTRIC COMPANY. SCHENECTADY. N. ¥.. SALES OFFICES IN ALL PRINCIPAL CITIES 


2-3.26 
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The Advantages of 
Tobin Bronze Welding 


Anatduoe 


Tobin Bronze is- unequalled for welding cast 
iron by the oxy-acetylene process. It has the 
following advantages: 








The base metal need only be heated toa dull 
red as Tobin Bronze flows freely at 1650° F. 


= 


This low welding temperature eliminates 
special pre-heating and often makes disman- 
tling unnecessary. 


Shrinkage can be prevented and the original | 
alignment of broken parts retained. 


And most important of all, Tobin Bronze is 
stronger than cast iron. 














AY 
a 
ee 7 


Tobin Bronze Welding Rods are made solely by The 
American Brass Company and “TOBIN BRONZE" 
is stamped in the metal. 


THE AMERICAN BRASS COMPANY 
GENERAL OFFICES: WATERBURY, CONNECTICUT ; 
Offices and Agencies in Principal Cities 
Canadian, Mill: Anaconda American Brass Lid., New Toronto, Ont. 


TOBIN BRONZE 


REG. US. PAT. OFF. 


WELDING RODS 
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Welders who work with Page- 
Armco and Steel “Processed” 
Welding Wire and Electrodes do 
so with full confidence that the job 
they are doing will turn out right. 






They know from experience that 
the exclusive Page method of 
“Processing” all wire and elec- 
trodes to meet the exact require- 
ments of every class of work as- 
sures satisfactory results—and takes 
the guess out of welding. 


As a result, users who specify Page 
“Processed” Wire or Electrodes, 
save their welders’ time, eliminate 
spoiled work and find their costs 
considerably lessened. 





Chicago New York 


PAG 


PAGE STEEL & WIRE COMPANY 


An Associate Company of the American Chain Company, Inc. 


Bridgeport, Connecticut - 


District Sales Offices: 
Pittsburgh 





ADVERTISING 69 





Page Mild Steel Gas Welding Wire 
and Electrodes, Page-Armco Wire 
and Electrodes and Page High Car- 
bon Wire and Electrodes have 
proven their worth wherever placed 
in service. We invite you to test 


them under the most exacting con- 
ditions of your shop and judge for 

= te for interest- 
No ob- 


yourself. Write t 
ing literature and samples. 
ligation. 


San Francisco 


MCO 





PROCESSED | 
Welding Wire and Electrodes 








is ed 





70 JOURNAL OF THE A. W. S. [March 


sls f a (a new list in each issue ) 
“The machine requires no attention— 
9° ft no hot bearings—no heating up of the 


machine —no brush or commutator 

trouble. It runs fine and we are so sat- 

} isfied with our purchase that you may 
v look for another order soon.” 


* * * 


“We find your machines highly satis- 
factory in performance and upkeep 
In addition, the average worker can 
operate them and turn out an excellent 
grade of work.” 





Any Lincoln office below will put . 2.2 8 
you in touch with a user near you 
whose experience covers many 
types of welders. Get his .view- 
point based on experience. 


“We have had experience with several 
makes of electric welders and consider 
yours the best we have seen in oper- 
ation.” 





* * * 


“Our welders always prefer the Lin- 
coln machine.” 











nitiewe“ The Lincoln Electric Co. sistmon ” 





Boston 
B 
Cute, 0. General Offices and Factory: ae cis 
——™ Cleveland, Ohio p——y 
Detroit 
Des Moines The Lineoln Electrie Co, of Canada, Ltd., Toronto-Montreaj § Rochester 
Grand Rapids European Representatives: Allen- Liversidge, Ltd., London St. Louis 

Exclusive Agencies with Stock: 
Distributing agencies im all principal cities. Ft. Worth, Texas Los Angeles 

New Orleans San Praneisec 
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Wire 


Strong 
Tough 
Uniform 










throughout the same shipment and throughout all 
. shipments. 





Conforms to specifications of The American Welding Society 


John A. Roebling’s Sons Company, Trenton, N. J. 











K-G Welding & Cutting Co., Inc. 


556 WEST 34th STREET 
NEW YORK CITY 


MANUFACTURERS OF 


K-G-TORCHES 








YES! FOR UNIFORM AND 
« 


RELIABLE WELDING RESULTS 
SPECIFY HOLLUP WELDING WIRE 


WANAMAKER coatep anp REX sare Evectropes 


REX GAS WELDING RODS — REX ACCESSORIES 
Write for literature and free samples. 


Manufactured by 


Cc. H. HOLLUP CORPORATION 
3333 W. 48th PLACE CHICAGO | . 
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For heavy welding operations 
Railroad Industrial Marine 


BPE eee ‘as Seiad 


art 
re ale ee Cae 


pera 


METAL & THERMIT CORPORATION 
120 Broadway, New York 
Pittsburgh Chicago Boston ‘S. San Francisco Teronto 


CPICDICIDISDISDICDIDII ICICI 
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MILBURN 


Efficiency and economy of gases are achieved in Milburn 
Welding and Cutting Apparatus, 


Welding Torches Acetylene Generators Regulators 
Cutting Torches Compressing Plants Accessories 
Send for Catalog No. 354 


THE ALEXANDER MILBURN COMPANY 
1416-28 W. Baltimore Street Baltimore, Md. 
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If strength, toughness and ductility of the weld metal are essen- 
tials in your we'ding the UNA Process of Welding so 
successfully used in Airy “mnt Rail, Joints by the Electric Railway In- 
dustry, will meet your needs. 


Your welding inquiries solicited. 
UNA WELDING AND BONDING COMPANY 


1615 Collamer Ave. 


CLEVELAND, OHIO 
Welding Processes AC-DLC. Welders 
Welding Rods Welding Supplies 
























Self exciting. No exciter to main- 
tain, No accidental reversal of 


polarity. 


Terminals for welding teads. 
Polarity marked. 


Oil immersed safety switch for 
starting. 


fas vcator plate and pointer shows 
tings and current values. Wide 









range of current: tégulation $0 to 
joo amperes in an ite number E yebolt for easy handling 
Of steps 
lAberel design, Rugged Construc- 
tion. 
Accurate and convenient regulation 
of welding current to value desired. 


Open cireuct voltage practic 
constant throughout encire wine 4 


Ball beanng: 


Current can be adjusted cither 
defore starting the set or while in 


operation. 


Sparkles comme tation. Ample 


Variable Votuge apes Equipment 
COMPANY 


PITTSBURGH 


NEW YORK 
ae BUFFALO 


MILWAUKEE TULSA 
. PRED H. DORNER J. BE. ARNOLD 


eS AKRON 5 We OMAHA 
RERTHOLD ELECTRIC & ENG'G. GO. =D, HW. BRAYMER EQUIPMENT Co. 
; et 
nS » 
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“and Airco Pngineerng Assistance 


FFORD iis complete cycle. a service 

to the oxy-acetylene user and make 
posdiiide the most efficient and profitable 
results, with oxygen, acetylene and car- 
bide of maximum purity and welding and 
cutting apparatus. of maximum perform- 
ance. 





Alreo District Offices 


¢ ite rn Ate. 
' 28 2ah Ave. 
; é 1a Me Maa St. 
| Every i seateus Bul, N. 
For Oxy-acetylene Welding nash 8. Limbs Bt. 
; seed a "4 1210 W.. &oth Se. 
‘aud Cutting Sage rei Hacewiee Bt 
, Park sen po a Balleek St. 
“Airco Plants, Distributing Seibiins abd aranee, eR oe 
Aireo Repair Departments, located at ue lye 
most accessible shipping points through- 16: rei%s ‘imma 2 die. 
out the United States, comprise 26 Oxy- Lam, ae 
gen Plants, 15 Acetylene Plants, 2 Cal- . lerveo snd Oemartonn Ave 
orene Plants, 2 Carbide Plants, 17 Dis- eee 
trict Sales Offices, all owned and oper- lis, Pun Be 
ate d by i Bs Beats! Wash. 
: 3623 2 Marginal Way 





AIR REDUCTION SALES COMPANY 


Pree Seat of 
Aveo Oxygen—-Airee Acetylene——Airco Calorene—Airco DavisBeurnonville Welding and 
Cotting Apparatus and Supplies, Acetylene Generators, and Specially Designed 
Machines for Aatomatic Welding and Cutting—Airco National 
Carbide—Niregen, Argon and other Airco 
Atmospheric: Cas Products 


Office: 342 Madison Avenue, New York 


87 Distributing Stations 











